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Use the only centralizer that 


The Baker Model “G’’ 


Casing Centralizer 
is the only spring-type 
centering device that 
EFFECTIVELY CENTERS 
your casing at all 
Critical cementing point 


~ 
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THIS SIMPLE ILLUSTRATION REVEALS THE IDEAL IN 
SPRING DESIGN AND MOUNTING, WHICH IS FOUND 
- ane «5 eats f Zz ONLY IN THE BAKER MODEL “'G” CASING CENTRALIZER. 


' 
CASING 
WEIGHT | 
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Pe ree 
<< SPRING COLLAR 





Note how the load point is imposed directly upon the casing 


contoured” spring is free to move along 
of the casing as the spring deflects under 
s no chance for concentration of stress to 


permanent set, or to result in breaking the spring 


hot ample clearance exists between Stop Rings and 


allars to accommodate the increased length of the 


3s which results from their complete flattening as the 


r passes dog-legs or tight spots in the hole 








really centers your casing! 


The scientific design of the Baker Model “G" 
Casing Centralizer (Product No. 910-G) en 
ables the springs to yield REALLY EFFEC 
TIVE CENTERING FORCE, even after 
repeated flattening from passing through 
“dog legs” and hole restrictions. Exhaustive 
tests prove that these springs take practically 
no permanent set—far less than any other 
centralizer. 

The Model “G” Centralizer is available in 
all sizes, in three size ranges, thus providing 
a combination of size and bowed-height of 


. 


springs “tailor-made” to meet your specific 
requirement, with maximum efficiency 

There is a specific size of the Baker Mode 
“G” Casing Centralizer to meet any combi 
nation of casing sizes in relation to the size 
of the open hole, without compromise o1 
adjustment. The result is EFFECTIVE 
LANDED CENTERING FORCE fa: 
exceeding that obtainable from any other 
spring-type centralizer. 

The springs of the Baker Model “G” Cas 
ing Centralizer are scientifically designed to 
provide additional assurance of cementing 
success. The vertically mounted springs act 
like runners on a sled and do not cut into 


mud or soft formations like springs which are 
spirally mounted. Springs on the Model “G” 
Centralizer do not scrape off the mud cake 
as they are lowered down the hole, eventually 
building up a bridge ahead of the centralizer; 
they do not remove or loosen the mud cake 
opposite a low pressure zone so that the 
cement slurry (under pressure) breaks down 
such formation and channels out into the 
low-pressure zone. The springs on the Model 
“G” Centralizer readily pass through a key- 
seated section of the hole, with no danger of 
catching under the shell (or key-seat) and 
breaking off—an ever-present danger with 
spirally mounted springs. 

Operators who know all the facts about 
the Baker Model “G” Casing Centralizer 
specify and run them exclusively. They know 
from experience that they are buying the 
greatest possible centering force for their 
casing, to be applied exactly where they want 
it in the hole. Isn't that what you too expect 
and really want from a casing centralizer? 


BAKER OIL TOOLS, INC. 


HOUSTON ¢ LOS ANGELES «© NEW YORK 


GET EFFECTIVE LANDED CENTERING FORCE 
WITH BAKER CASING CENTRALIZERS 








The Symbol of Two of the Greatest 
Advancements in Oil Field Technique 


The JOHNSTON FORMATION TESTER and the “SHOOT-N-TEST”’ 
GUN PERFORATOR provide operators throughout the world with 
accurate, safe, dependable means for efficiently and 

economically developing their drilling programs. 


XX) THE JOHNSTON FORMATION TESTER Determines the 
" productivity possibilities of sands encountered in drilling 
wells as they are penetrated without the expense of 
setting casing. 
ay” THE “SHOOT-N-TEST” GUN PERFORATOR Has the versa- 
w/ tility to be used solely as a casing perforator or as the per- 
forating unit in combined perforation and test operations 
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OlL DETECTION 


Cores, drillings, 
sands, mud and soil 
can now be examined 
for fluorescent 
indications of oil— 
working in broad 
daylight—with the 


Menlo 


Patented dark chamber holds 
comparison test tubes, solid 
particles, loose sands, free mud 
for ultraviolet inspection at 
2537 or 36603 . Portable— 
weighs less than 2 pounds 
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your dealer's or write 
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Choice of 2537 or 
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ENGINEERS AND POLITICS 


mber AIM 
il Co. of Calif 


nent. We insist on ability, loyalty 


Tr HAS never been the custom to bring polit 
| into technical organizations such as ours, but success or failure of our business 
ot the grave emergency which we now face in 
tional and international affairs we should not he iited States is the largest business 


precedent if by so doing we mav be of service 


its management certainly merits 
In November of this vear we face a national ¢ 

the issues involved place our country squarely } ler | ‘ as citizens, have a voice 
most important cros reads in our history is a sad commentary on 
On one hand we have the time-proven prin per cent of the registered 
enterprise upon which our country has been primaries and 65 per cent 
given sag iter prosperity tor a final election 
ber i ! nha been enjove dl by iny t ‘ ‘ I ! well-organize | group rsually 
inom public welfare. so often 


political affairs; and it is for 
the face of threats to our 


in the world 
On the other hand we have the primrose path 
state which promises security from cradle to gra 
stitutes bureaucratic control for freedom. and sur very national security itself 
-ocial regimentation for liberty. most mediocre leadership both in 
The first road. while leading into an un , es in the histery of our country 
sturdy, test-proven guidepo-ts for baecksicl ' | é ty} tatesmanship is so desperately 


line, together wth a history of solid accompl 
f de our part to correct tis state 


other offers nothing from past experience but fa 


and slavery. and nothing in the future but untrie r patriotic duty as citizens then 
fantastic ideology on of pre erving thove principles of 
Our decisions are not a party matter but a matt ential to the very exist 
mental national policy, regardless of party line 

Engineers as a group are not politically mind despoil our democracy 


trained and experienced in the determination of 


Congress, we can be 
operation of natural laws ind the return to basic American 
No matter how appealing it may be to the permit to be elected incompetent 
structure will not stand nor will a machine fun t same type of irrespon 

soundly designed and properly constructed 
little influence on the Con 


T yA di-turbingly large number of our pre « yr whole o ongressional and Senatorial 
tt , ' , mn 


ere are no natural laws. and facts are distort great deal 


represented without regard to truth seemingly t tl ! ire ¢ " ted seats in the coming election to 
greatest number of votes As a result, our es t la eter e which e will take. and we can do our part 
stands at this crossroad, and unless and until t the cho fy will start to work 


numbers of our intelligent citizenry refuse to acces mic ; erative t v ‘ \ register and vote, and 


and social doubletalk as a substitute for sound go to see that others do like 


statesmanship. and refuse to trade freedom and rtunity mu f ly ictively with our party organ 
for a doubtful security, and quickly and act erest liar id ’ ruct part im its activitic 


themselves in polities at all levels. our traditios vote ind votes a 


wav of [| Is doomed to oblivion the pre net level b ringing 
Because engineers are intelligent and have as a t Il etting vo to the polls. It 1s hard and thank 
tenet of their profession the basic concepts of | i f ’ k , 1 groups have long nee demon 
because in the past they have been conspicuous! cessful method 

all forms of political activity. it is doubly imperative tv f ¢ ember o organization and all other similar 
the t ‘ y i go to work at whatever job be can 


become politically active today, not alone in 
isting our votes but also as workers inct. by helping financially, and 

choice, as candidates for publ ofhee or in any I ! friends and everyone within his 
sary to insu " re om our present econon | tlre rs ids the issues and vote ntell 

trends the outcome 

As engineers associated with the operation of te le ! M ‘ " umpaign lav down our 

it least for the eme ryeney 


we look with the greatest « to the 
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‘ are of sufheient magnitude r rally ‘ lsion breaker is also a wetting agent 
ng met! ods with the eu eption ot ext ‘ ¢ € te vne mous whe nm an emulsion breaker 
and injection rates. With temperatures f ed here ne ev to indicate that wetting agents 

e probability of inhibiting acid for mo few themsel fler s advantages 
omes questionable and serious damage ne hefore tt t at anv definite conclusions on 
subsurface equipment. Increased injection 1 ase t t t | a study should be made of the 


irea of contact per time unit and thus ines ate hb ‘ v acid reacts 


LIMESTONE FORMATION 


» fe , itl amount of confusion might have 


ot reactior 


“since it ts mpossible except 


pump acid into the formation ar remove 
ecover any appreciable quantity of unspent vent of acidizing theory had some 
lesigned to increase reaction rates are superfluo ‘ wledge of the nature and performance 
inv retardation of rates that cé be achieved ‘ Caer vailable at an earlier date. Eve 
neans is insignificant, compared to that resulting reservoir performance used in 


ig conditions, and makes them superfluous. Th grams, recovery estimates, et 
m which chemical additives are based is fallac Lor Taw ory and studies that have been made 
indicated later. The “physic al” additives have be 

be beneficial under some circumstances part suulme i t f have pointed out that these tw 

treating in tight low pressure formations. The med fler only in their chemical and mineral 
variously presented as “demulsified” acid and ‘ composit n the geometry of their internal void 


iid. These terms are misleading to the extent t ter The | fact to assume that the perforn 





2 


z 

> 
« 
yr) 


RELATIVE REACTION RATES 
S PERCENT *CL AND \MESTONE 


RvE PRESSURE 
a AT MOSPHER 
7 400 °S 
soo rs 
200 Fs 











September, 1950 JOURNAL OF PETROLEUM TECHNOLOGY SECTION | 





ance of the two would he con parable 

The internal void systen fa sandstone 
most entirely by the geometry and sorting 
units, hence the porosity and permeability 


same source 


In the case of most producing limestones the 


has been rendered npl by evolutionary proce 
} 


rut 


have reconditioned not only the void systen 
matrix as well becau , susceptibility 
to dissolution the interg system i u 
by the enlargeme nt «af ” ve ‘ the pl ig@ing 
secondary deposition ’ types of water migrat 
have left fairly continuou annels which together w 
tures retained in the re form a secondary systen 
ability distinct from tl ary or matrix sy 
opportunity to experien: turbance increases 06 ft 
of the formation the wanece of fracturing t ‘ ‘ . 

, erate trea nt of 1.000 
accordingly 


From a mechanical st wint the chief difference 
wells that have a high natural rate of productio 
that do net can be explained as a difference in fra 
the degree of plugging nd the extent to which 
interconnected 

It has been noted that ome cases these secondary 
nels may traverse otherwise dense and barren bodice 
to connect two or more productive bodie In spe 
fractured limestones Muskat’ says, “Such formations 


scterized by distributions of tractures, or crevice 
: formatior 
the bedy of the rock The permeability of lit t em ; i m 8000 ¢ 


proper is often extremely low and would not vic , 
‘ F - " mt t 1 Very tew of 


for production rates of commercial importance ‘ ' j 
ractures 


uch a reck is permeated by fractures it can serv 1 res ‘ . 
) | mat oO nN ian 3.000 


voir feeding oil inte tl ires, which tu 


production directly of vuugh interconnection 


channels, to the wells. Be se these fractures have well will « le lized plug 
eflective permeabilitic even when of extremely «<n 1 small quantity of acid rh 


the composite system of the limestone body and the production increases from small 


may have a resultant flow ipacity quite comparable system or where extended 
often greater than the average sandstont fron 
Hlustrative of the above is Kelton’s’ de scription of 


of core analysis for fractured limestone cores in wl 


permeability determination made on the whole core 


ung Mates. Fhe cove mp APPLICATION 


«) that the first determination is made across the 


than by the conventional | 
becomes evident that whether! 
principal fracturing to give a value designated as , - ; , 


the individual zone 
The salient 


elf into 


ore is then turned 90° in the holder and 

tron, K ' recorded. He further describes 

inalysis, by this method, of cores from a sectior 
burger formation in the Fullerton Pool in Andrew 
The lack of homogene ty mentioned earlier is illu 
his classification of these cores into four group 
(.roup | (1+ sample consisted of den e sample 

racture development. Gro 2 (13 samples d seme Table I 


larger tractures and some or ugs. Grou 


Vlatrix Vs Whol Core Data 
Ellenburger, Fullerton Field 


showed more development intergranular 
(.roup 4 samples) were intergranular and 
lar. In addition pecial analysis the 
inalyvzed by the conve method witl 
liameter drilled 
rr PUT presse . 
dealing 
tionably 
low the course of 
ibility. are lehinite 
production increas 
table 
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LEAR FORK, PERMIAN, DRINKARD POOL, LEA COUNTY, N.M 


FIG. 7 — SAN ANDRES, PERMIAN, HOCKLEY COUNTY 
TER POOL, CUT 10 FT BELOW ACIDIZED SECTION, ILLU NG 
ACTION OF ACID THROUGH A SOLUTION CHANNEL FIG. 11 CADDO, PENNSYLVANIAN, STEPHENS COUNTY, TEX, ACID 
IZED WITH 25 ML 15 PER CENT HCL. PERMEABILITY BEFORE ACIDIZING 
195 MD. PERMEABILITY AFTER ACIDIZING: 808. MD 


MISSISSIPPIAN, STEPHENS COUNTY, TEX, ACIDIZED WITH 


75) ML 15 PER CENT HCL PERMEABILITY BEFORE, LESS THAN 05 MD 
PERMEABILITY AFTER. GREATER THAN 3000. MD 


FIG. 8 — ELLENBURGER, ORDOVICIAN, LEA COUNTY, N. M., BRUNSON 
AREA, ILLUSTRATING THE VUGULAR POROSITY AND FRACTURES IN 
THE ELLENBURGER 


BEN NGLOMERATE, PENNSYLVANIAN, CLAY COUNTY 
ALLIANCE TRUST CO. NO. 1, 5,995 FT), ACIDI7ED WITH 600 MIL 
PER CENT HC PERMEABILITY BEFORE ACIDIZING: 1.20 MD. PER 
SAN ANDRES, PERMIAN, VACUUM POOL, LEA NTY, N. WV MEABILITY AFTER ACIDIZING: 4.53 MD 
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Phene oncepts 
of the function of 


econdary channels 


chiefly by whatever m 


of theese channels. It 


bringing out undissolves 


if any, and of 


uccess of the treatment 


ind completely this 
turn depends on the 
ivuiilable energy i 

two qualities are ev 
problem as they will 


centration of acid re 


uccess of the varied te« 


Other things being « 
properly is the one in 
ibility and energy are 


become important 


since the ine eption 


by weight has been 


ome field experimentat 


ranging from 7.5 to 
testing are inconclusis 
however, have establ 
cut more 
partially 
pitate tron 
elution in 
water with wh 
e conditions h 
cent acid but the 


entration 


form wit 
may aggravate 
sddition to control 
vw alleviated by 
il scialitives A sn 
ind enlarge opening 
illow larger volume 
tr ipping The addit 
enerally facilitate tl 
the tuge treatment 
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generally 


olids, insoluble residues 


sible 4 better inder 

solution. In penetrat 
here the acid is me 
is contained in or lining tl 
charged with the furthe: 


avenging the channel walls 


depends primarily on how 


d phase is accomplished 


of secondary permeab 
ad zone Zone 
tely good pre 
Imost any guantit 
accounts tor 


mentioned in the 
e zone which fail 


either or both 


such Cases acl 


i solution | 
us standard. In recent R 
is been done with concentrat 
cent The overall result 
ratery and field test r 
facts: Higher concent: 
from channel walls 
or sulphate comp 
num compounds 
form and } 
t all out In 
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s=@s harply 
mly other obst: 
i tight emulsion 
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Chemistry of Formation Waters 


By N. van Wingen 


The fourth lecture of the current se 
ries on secondary recovery was given by 
Don Sileox the Standard Oil Co. of 
California, July 24, at the Gilmore 
Auditorium in Los Angeles. Ninety 
members and guests attended the meet 
ing 

Sileox explained that formation 
waters normally contain characteristic aa 
impurities in the form of dissolved sub » the , ' wlka Miele DON SILCOX 
stances and colloidal suspensions. Dis . guid eu Discusses Formation Waters 
solved materials are salts, gases, and 
organic matter. Salts most commonly 
encountered are sodium, calcium, and | w 1.2 it went aol os ee Aes Pe 
magnesium, while ammonia and boron ; conntel ac 2 will pecsigibate too neadil 
are only occasionally present. lodine ie ae, + floodit : gt : | field 


waters. Thus, the chlorina 
on method has been found to be the 


most waters, but even so, oil field waste ; 
I i t v ! ! r most satistactory 


is present in very small quantities in s " ' 


waters are the source of 40 per cent of 


the iodine used in this country. Carbon Corrosion control presents a 


dioxide, hydrogen sulfide, and methane ty of individual problems 


are the gases which occur most fre iny different procedures have to be 


quently. Especially at elevated pressure orted to to meet special problems 


water may contain significant amounts The following techniques or any cor 


of methane. Organic material dissolved ination thereof have been used sus 


in oil field waters is most commonly sfully in oil field practice: deaera 


naphthenic matter, acetic acid, and pro pH control, inhibitors, corrosion 


pionic acid. Suspended matter may be tant pipe. and plastic and cement 


oil, clay, silt, corrosion products, bac 1 pipe 
teria and algae — sh Stabilization of water is often effected 


The chemical analysis of oil field rder te prevent calcium carbonate 


waters is a standard procedure with pitation A small amount of acid 


most operators. Such analyses can be he injection of carbon dioxide 


used to identify the source of water this end 


entry in a well, for correlation pur years Many experiments were 


poses. to establish the feasibility of uti ormed to develop a water treatment 


would improve its ability to di 
oil Although conflicting report 


lizing the water for a special purpose 
such as injection into a reservoir sand 


or other lease use. and to determine been published, it is the current 


what treatment of the water, if any. is iat neither surface active 


necessary prior to its surtace disposal e active agents are sus 
so that it will not harm agriculture former, whether they be 
Water analyses can be reported in a soluble, are too quickly 
number of different ways. Grains per the sand grains in the 
gallon rts per million, and reacting vicinity of the well bore 

latter do not produce the 
d effect 


ommon means. Graphical 
of the per cent reacting 
the Tickell diagram. are , is . : lusion, ¢ R. Dodson, chair 
useful for compara ; : ; n of this lecture series. announced 

all ions. but in many : —s ‘ \u # At that time ’ 4. Nahin of 


sodium chloride is so 5 t nion Oil Co. was to discuss the 


The salinity reported : . it th next lecture was to he giver 


is often misleading ‘ ‘ ' ind characteristic (geological 
preferable if the termi t t id nd chemical) of Calfornia sands and 
hlorinitv” were adopted to de pope ator ithe ~ * ® 
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PROGRAM 
PETROLEUM BRANCH FALL MEETING 
New Orleans, La.—Oct. 4-6 


ROOSEVELT HOTEL 


TUESDA - OCTOBER 3 8:30 a.m. to 12 m — Technical Session — Grand Ball Room: 


PRODUCTION OPERATIONS 


7:00 p.m. to 9:30 p.m. — Advance registration and sale of tickets 
Papers 46-G — 47-G — 48-G — 49-G 


lobby and mezzanine 
9:30 a.m. to 12:45 p.m. — For the Ladies — Walking tour of the 
Vieux Corre (French Quarter 
WEDNESDAY OCTOBER 4 1:39 p.m. to 4:30 p.m. — General and Econom cs Sessien — Grand 
, Ball Room: 
8:09 a.m. to 5:00 p.m. — Registration and sale of tickets, Room 1. “The Significance of Recent Canadian Oil Developments,” 
D — Exhibits, Room E. by John F. Fairlie, Manager, Coordination end Economics 
9:00 a.m. to 11:00 a.m. — Technical Session — Grand Ball Room: Dept., imperial Oil itd., Toronto, Canada. 
WELL LOGGING 2. “The Present and Potentiol LP-Gas Market,” by H. R. 
Papers: 31-G 32-G 33-G* Thomas and W. R. Thorne, Stanolind Oil and Gas Co. 
3. Paper yet to be selected. 
. ~ h | i —Gold R $ 
9:30 o.m. — to 12 m — Technical Session —Go esi 1:30 p.m. to 5:00 p.m. — Technical Session — Gold Room 


CORE ANALYSIS AND FLOW RESEARCH 
Papers: 34-G — 35-G — 36-G — 37-G RELATIVE PERMEABILITY SYMPOSIUM 
Papers: 51-G 52-G 53-G 54-G 55-G 


: : 7. th dies, coff in the Blue Room 
O68 om. to TESS o. m Far ie REE Gene He Se Se Se 12:45 p.m. to 2:45 p.m.—For the Ladies—Lunch at the Patio 
12:30 pim. to 2:00 p.m. — Welcoming Luncheon — Address by Lt. 5 Royale and « description of the origin of New Orleans 
Wescoat, President, The Pure Oil Co.— Grand Ball Room streets by Cartoonist John Chase. Limited capacity. 
: : m. — ting, Petrol 8 he - 
2:00 p.m. to 5:00 p.m Open Meeting, Petroleum Branc xecu 600 em. «te Rilbem, ~tebeels-eodedl etnies. 
tive Committee — Gold Room. 


2:06 p.m. to 4:30 p.m. — Technical Session — University Room 8:00 p.m. to 1:00 a.m. — Petroleum Branch Banquet, Dance and 


PHASE RELATIONSHIPS 
Papers: 38-G — 39-G — 40-G — 41-G 


Floor Show — Grand Ball Room. 


2:30 p.m. to 5:00 p.m. — For the Ladies, Fashion Show in the Blue 


Soom FRIDAY, OCTOBER 6 


5:00 p.m. to 7:00 p.m. — Men's Smoker — University Room 


: - ~- ith tertain- 
8:00 p.m. — to 12 m — Buffet and Supper Dance wi entertain to 800 0.00. ~Oelihiin, Geom & 


ment aboard the steamer President — plying the Mississippi 
to 12 m — Technical Session — Gold Room: 


GAS TECHNOLOGY 
Papers: 56-G — 57-G — 58-G 


THURSDAY, OCTOBER 5 


8:30 a.m. to 5:00 p.m. — Registration, Tickets and Exhibits, Rooms to 12m — Technical Session —Grand Ball Room: 


D ond £ DRILLING TECHNOLOGY 
8:30 a.m. to 12 m — Technical Session — Gold Room: a 59-G 60-G 61-G 62-G 63-G 
FIELD PERFORMANCE HISTORIES AND 


OPERATING PROBLEMS 1:00 p.m. to 4:30 p.m. — Technical Session — Grand Ball Room: 
Papers: 42-G — 43-G — 45-G — 50-G FIELD PERFORMANCE UNDER FLUID INJECTION 


Papers: 64-G — 65-G — 66-G — 67-G 
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NeW ORLEANS MEETING OFFICERS 


The 
of det 
by the 
months 


bene fie 


PRED bE. SIMMONS, JR 
The Louisiana Land & Exploration Ce 


Chairman. Delta Section 


CARL F. REISTLE, IR 
Humble Oi} and Refining Co 


General Chairmar 


FE. N. DUNLA AIMEE CLAUDET 


The Califor ( r Well Surveyir 
Advance Arra rta ' 
bE. N. VAN DUZEI 


Shell Oil Co 
Vice-Chm.. Delta Section 


RAMBIN., JR 
The Texas Co 


| mane 


\. Fk. ALENANDI N yh 
Hibernia Nat : nay 


Regist: 
W.G. SHARP H. bk. LOWERY 
Continental Supply Co Continental Supply Co 
Hotel Hotel 


GORDON 1. ATWATER 


Consultant 


MRS. H. M. KRAUSE, JR. 


| idies Activities Post Convention Tour 
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L. S. Wescoat to Give Luncheon Address in New Orleans 


In the face of new perils the petroleum industry 


president of The Pure Oil Co.. who 


an address at the Welcoming Lune! 


talk | 


to preserve petroleum for peace and war Wese airector 


National Petroleum Council 


growth of demand for petroleum 


has spent 


Petroleum in Peace and War 


Despite 


is ready. These are the words of L. S. Wescoat 


ars in the industry. On Oct. 4, he will deliver 


he Fall eeting in New Orleans. The title of his timely 


In it h v | stale th public 


must know what is being 


of the API and a member of 


techs il ar 


1 political difheulties and the rapid and end 


reserves are the highest on record Wescoat claims He will 


elaborate upon these points in New Orleans 


NEW ORLEANS ABSTRACTS AND AUTHORS 


Well Logging 
31-G 


\ Progress Report on Quantitative Interpretation 
of Radioactivity Logs 


Robert E. Bush, Lane-Wells Co., Dallas, Tex., and 
E. S$. Mardock, Well Surveys, Inc., Tulsa, Okla 


Previous papers have discussed the basic concept of quar 
titative interpretation of radioactivity logs and a preliminar 


report of the progress in determining porosities from lime 


stone and dolomite reservoirs. It shall be the purpose ofl th 


paper to report on the progress made by the use otf absol ile 


zero devices and a more complete quantitative application 


Additional discussion of theory underlying the basic concep 


f quantitative interpretation will be presented with applica 


tion of this theory to certain sand reservoirs showing the 


procedure for quantitatively determining saturation of the 


sand. Illustrations will be of the application of quantitative 


methods to sand reservoirs in Venezuela, East Texas as 


other area 


32-G 
An Investigation of the Electrokinetic Component 
of the Self Potential Curve 


M.R. J. Wyllie, Gulf Research and Development Co 
Pittsburgh, Penn 


Fight laboratory prepared aqueous base drilling muds 
15 aqueous base drilling muds sampled in the field are 
nm experimental investigation of the relationship betweer 


streaming potential developed across a mud filter cake and 
filtrate flow 


to demonstrate that the tota 


differential pressure causing Certain held « xper 
ments are described whic! 


sp developed 


serve 


opposite 1 formation mav be quantitative! 


accounted for as the algebraic sum of an electrochemica 


potential and an electrokinetic is shown that the 


potential. It 


employment of low drilling muds is 


use of the 


resistivity essential 


optimum accuracy is desired in the SP curve for 


the pur pose of computing connate water salinities by 


electrochemical SP) method 
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33-G 
Interpretation of Chemical Water 
By Means of Patterns 
Henry A. Stiff, Jr., The Atlantic Refining Co., Dallas, Tex 


Many p 


The Analysis 


correlation, detection 


and the 


oblems involving formation 


aks, tracer studies, drill stem testing iden 


f water sources are capable of solution by ana 


lies of formation waters. Since the physical prop 


water sample are all functions of its total salt con 


are of much less value for characterization 


han the chemical analysis whic h neasures a num 


pendent variable constituents. The use of patterns 


novel method for the study of the individual and 


ults of chemical water analysis. The pattern 


nple and readily adaptable to a variety of condi 
| examples of the applications of pattern analysis 


encountered in petroleum production operation 


Core Analysis and Flow Research 
34-G 

rhe Effect of Free Gas Saturation on Oil Recovery 

By Water Flooding 
C. R. Holmgren and R. A. Morse, Stanolind Oil 

and Gas Co., Tulsa, Okla 

saturations 

markedly 


g the flooding 


following water flooding of sand 


reduced by maintenance of free gas 
Results are presented of water 
mg sandstone core conducted at 500 psi and with 
Inter 
pre sented of the effect of free gas saturation on 


related to 


rations varying trom one to 30 per cent 


i by water flooding as relative perme 


racteristics. Practical significance as applied to field 


discussed’ 
35-G 
Interstitial Water Determination By an 
Evaporation Method 
E. S. Messer, Continental Oil Co., Ponca City, Okla 


knowledge of the magnitude of the irreducible water in 


mediun s so Important to petroleum engineering 


letermination has become a routine study in most 


laboratories. A discussion of the changes in rock 


s made to « larify the con ept of the irreducible 
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rimental 
fluids 


by other 


Using this basic treatment, the expe 


using any 


waler content 
results that are obtained by 
are compared with the irreducible water obtained 
methods. An investigation of the results indicates this 


has the required prerequisites for production use 


36-G 
Capillary Pressure Investigations 
Harry W. Brown, Humble Oil and Refining 
Houston, Tex. 

This paper presents results of static capillary pres 
urements made both by the restored state and by the mereury 
injection methods and of dynamic capillary pres» 
ments made by the Hassler technique. The results 
variation from sample to sample of the factor used 
mercury injectior 

Static capillary pre 


one of various 


method 


easure 
ndicate a 
onvert 


capillary pressures obtained by those 
applicable to a water-gas system 


the restored state method were 


ssures 


measured by found to be in 


close agreement with dynamic capillary pressure 
that data obtained from static measurements may be 
with confidence in the solution of dynamic problems 


flow. Experimental data are presented on the use of “J-curve 
relations 


ndicating 
itilized 
of fluid 


for the correlation of capillary pressure-saturatior 


for a number of cores from a particular geologi« 


37-G 
Use of Centrifuge for Determining Connate Water, 
Residual! Oil, and Capillary Pressure Curves of 
Small Core Samples 
R. L. Slobod, Adele Chambers and W. L. Prehn, Jr., 
The Atlantic Refining Co., Dallas, Tex 

The centrifuge has been found to be an extremely 
tool for determining capillary 
establishing connate water and residual oil in smal! 


iseful 
pressure curves and for 
re plugs 
work 


lit f 


described in the literature demonstrating the reliabil of the 
centrifuge for this work. Some of the advantages of entri 
fuge over older methods are (1) rapid establishment 
operatie nal 


Data have been obtained using methods based on earlier 


{ equi 
librium, (2) reproducibility of results, (3) simple 


(4) use of commercially available equipment, and 
to obtain 


procedure 
(5) ability to establish connate water, residual oil, or 
complete capillary pressure curves in one day or |e 


Phase Relationships 


38-G 

Surface and Interfacial Tensions Under Reservoir 

Conditions — I Apparatus, II Methane - Water 

System 
E. W. Hough, M. J. Rzasa and B. B. Wood, Stonolind 
Oil and Gas Co., Tulsa, Okla. 

The paper describes apparatus which is used 
-urface and interfacial tensions under reservoir co! 
the pendant drop method. The sample under study 
duced under vacuum and does not come in contact 
Experimental data on the methane-water systen 
15.000 psi and 


eury 
sented for temper 


280° F 


pressures up to 


39-4 
The Phase Behavior of a Natural Hydrocarbon 
System 
Charles F. Weinaug, Chairman, Dept. of Petroleun 
Engineering, University of Kansas, and H. B. Bradley, 
Dept. of Petroleum Engineering, University of Alabama 
The phase behavior of a naturally occurring hydrocarbon 
isotherms immediately below the 


-vstem is described. On 
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Was 


liquid 
time. The 


temperature, the volume per cent 
observed at three different the first 


shape of the isothermal equilibrium constant curves necessary 


ritical same 


pressures for 


to predict this phenomenon is discussed 


40-G 
Special Considerations in Predicting Reservoir 
Performance of Highly-Volatile-Type Oil Reservoirs 


Alton B. Cook, G. B. Spencer and F. P. Bobrowski, 
U. S. Bureau of Mines, Bartlesville, Okla. 


Methods of calculating the volume and composition of 
hydrocarbon liquid condensed from the produced solution gas 
that has been liberated in a reservoir are presented in this 
Laboratory data on reservoir oil samples from the Elk 
used to show that a large part of the 


highly-volatile oil 


report 
City Field et al. are 
recoverable hydrocarbon liquid from a 
reservoir that is produced by the solution gas-drive mechan 
ism is obtained from the gas-phase fluid entering the produc 
ing wells. Data and theoretical considerations are presented 
in the report to show that the gas-phase in the reservoir can 
the laboratory, for the declining pressure 


be duplic ated in 
either the 


range in which retrograde condensation occurs, by 


differential or flash gas-liberation procedure 


41-G 
Variable Characteristics of the Oil in the Tensleep 
Sandstone Reservoir, Elk Basin Field, 
Wyoming and Montana 


Ralph H. Espach, U. S. Bureau of Mines, Casper, Wyo 


obtained from a U. S. Bureau of Mines sample 


f oil from the bottom of nine wells of the Ten 
Field 


inusual varying physical characteristics 


The data 
investigation ¢ 


sleep sandstone in the Elk indicate that the oil 


Basin 
The sam 


there has 
ples were studied for such physical characteristics as the vol 
umes of gas in solution, saturation pressures or bubble points 
n volume caused by the release of gas in solution 


shrinkage 
other 


| and 


expansion of the oil with 
related The data indicate that the sample oil has 
1 saturation of 1,250 psia and 490 cu ft of gas in 
olution in a bbl of oil at the crest of the structure, and a 
saturation pressure of 530 psia and 134 cu ft of gas in solution 


in a bbl of oil low on the flanks 


decrease in pressure, 
properties 


pressure 


Field Performance Histories 


42-G 
\ Study of the Dornick Hills - Springer Sand 
Reservoir, Velma Pool, Stephens County, 
Oklahoma 


Warren B. Davis, Tulsa Division, Gulf Oil Corp 
This paper presents a summary of the results of a study of 


he Dornick Hills Springer Sand reservoir of the Velma Pool 
Okla. The 


1 relatively thick production section 


reservoir is characterized by very 
Its up 


Stephe ns County 
teep dips and 
dip productive limit is defined by truncation of the productive 
inds, and the down-dip limit is defined by deterioration of 
and quality rather than by the presence of an oil-water con 
act. The crude oil is of 29° API gravity, is relatively viscous 
and was saturated with dissolved gas at the original reservoir 


pressure 
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13-4 
Pressure Behavior in the Woodbine Sand 
John S. Bell and J. M. Shepherd, Humble Oi! 
and Refining Co., Los Angeles, Calif., and Tyler, Tex 
During the last eight years a number of pressures have ber 
Fast Tex 


basin pressure 


measured in the Woodbine sand throughout the 
These 


materially 


geosyneline measurements indicate the 
reduced by 


Texas Field and secondarily 
Limestone and Navarro 


has been 
the Fast 
Fields of 


loss varying 


withdrawals, primarily fror 
from the old Fault | 
counties, with the pre 
inversely with the log of the distance from tl 
basin 


faults 


two main areas of withdrawals to the measuren 


points. Apparently basin 


is local blocks to 


located throughout the 


continuous pressure gradients 


15-G 
Drilling and Production Problems Relating to the 
Worland, Wyoming Field 


L. L. McDonald and J. |. Morris, The Pure Oil Co 
Chicago, Ill., and Denver, Colo 


kimbar 


ld contains hydr 


fluid in the formation at the Worla: 


Reservoir 
Wyoming Fi 


cent by 


ogen sulphice in exces of 4) pe 
handle 


hydrate for 


weight. Precaution necessary to safely tl 


extremely toxic subsurface 


4.000-ft 


high pre re gas 


| - 
elevation and 


combines 


weather at the 
10,000-ft depth of the produc 
take 


nation 


thon severe winter 
ing formation have 


difheult in 
phases 


operations at this held one of the 


Phere 


Thheest 


have been two operational during 


development of the held The more interesting probe 


encountered ' heotl if ‘ ope ational phases wil 


discussed 


50-G 
\ Gravel Pack Completion for Exclusion 
of Gas and Water 
Thomas S. West, A! Buchanan and Blanco Oi! Co 
San Antonio, Tex 
\ 


ompletion 


gravel pack is desert hoch is promartl 


procedure Althoug <and screenin 


obiective the exclusion of 


the principal 
thre apple itor 1 the tv pe completion 


Texas fields are owt 


Production Operations 


16-G, 
Advances in Gas 
Equipment and Techniques 


\ Review of Recent Lift 


Louis F. Davis and Roy M. Willis, The Atlanti: 


Refining Co., Dal'as, Tex 


lmpoertant advances made im lift 


equip 
ques dut resulted 
vyne atient conomi 
if wells yas |i dey nd het pres 
prearsss 

mcredase 

entirely 

t} 


be almost 
for greater ¢ 


More 


and thinking inst 


reduced 


methods 


ind mer 


ind = mamtaining if 
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17- 
rhe Slip Velocity of Gases Rising Through 
Liquid Columns 


N. Stein, E. B. Elfrink, L. D. Wiener and C. R. 
Sandberg, Magnolia Petroleum Co., Field Research 
Laborotories, Dallas, Tex 


results « 


iverage slip 


neters sucl 


d density 


18-G 
Offshore Production and Completion Practices in 
the Bay Marchand and Main Pass Fields 
J. L. LeBlanc, The California Co., New Orleans, La 
¢ pee er rl s prope ed methods of transportu 
| pr tier re terminal and outlines 


« the most feasible method 
method c« 
controlled separate 
operate d pumps 
shore term 
from st 


ribed 


19-G, 
Experimental Results on Piling 
J. R. Morison, J. W. Johnson and M. P. O’Brien, 
University of California, Berkeley, Calif 


‘ 


Relative Permeability Symposium 
51-G 
Use of Relative Permeability 
Data 
Uzzell S. Branson, Jr., James A. Lewis Engineering 
Dallas, Tex 


Measurement and 


52-4 
Further Developments in the Laboratory 
Determination of Relative Permeability 
B. H. Caudle, R. L. Slobod and E. R. Brownscombe, 
Atlantic Refining Co., Dallas, Tex 
publication, this pape 


tor obtaming routine 
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flow systems 
that the 
small and that the effect of rate in the gas-oil dynan 


oil-water Theoretical and experimenta 


ations show “end effects” in a dynamic 
is a form of channeling in the capillary system. Re 
some preliminary work on a three flowing phase syst 


presented with a desc ription of the apparatus used 


53-G 

Laboratory Measurements of Relative Permeability 

J. S. Osoba, J. G. Richardson, J. K. Kerver, J. A. 
Hafford and P. M. Blair, Humble Oil and Refining Co 

Houston, Tex. 

This paper presents the results of laboratory mea 
of relative permeabilities to oil and gas on small core 
of reservdir rock by five methods and describes the 
effect. hysteresis, 
The five 
“single core dynamic,” the 


of such factors as boundary and 


these measurements. methods used are tl 


State,” the 


tionary liquid.” and the “Hassler” techniques. In those 


“gas drive 


in which the results are subject to error because of the 


ary effect. the error may be minimized by the use of high 


rates of flow. The results indicate that all five methods vield 


essentially the same relative permeabilities to gas 


54-G 
Experimental Investigation of Factors Affecting 
Laboratory Relative Permeability Measurements 
T. M. Geffen, W. W. Owens, D. R. Parrish and 
R. A. Morse, Stanolind Oil and Gas Co., Tulsa, Okla 
An intensified program te evaluate the factors aff 
oratory measurement of relative permeability is present: 
All the work is done on a three-section as 
bly patterned after the Effects of wet 
tability bility 


progress report 
Penn State technique 
characteristics, 


pressure gradients, gas expat 


migratory water saturation, and saturation hystere 


studied. Most significant is the work on hysteresi 
permeability measurements. Indications are that gas sat 
tollowing liquid flooding of a gas-saturated sand is of the 
magnitude (15 to 50 per cent) as residual oil saturation 
lowing water flooding. Evidence is presented indicati: 
wettability effects and oil-water 


aside from gas-water 


ibilities are identical 
55-G 
Relative Permeability to Liquid in Liquid 
Gas Systems 
L. A. Rapoport and W. J. Leas, The Carter Oil € 
Tulsa, Okla. 

(An experimental method for measuring the relative 
\ the 


development for calculating limiting relative perm 


ibility. of porous media to liquid is described 


liquid values from capillary pressure data is present 
1 comparison is made between the experimental 
lated The agreement between theory and 


Either 


results 


is satisfactory method provides informatior 


idequate for reservoir engineering calculations; howe 


the calculated values cost much less. this approact 


mended for routine core analysis 


Gas Technology 
56-G 
Low Temperature Dehydration of Natura! Gas 
Louis R. Records and Dwight H. Seely, Jr., Sohi: 
Petroleum Co., Cleveland, Ohio 
will data 


designed for the 


This paper present obtained from field 


equipment dehydration of nat I 
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expanding trom wellhead to pipeline 
e oat 
ave been examined. The limits of appli 


operating pressures, temperatures 


type equipment will be shown in the form of a 


nomograph. In addition to dehydration data, the 


performance 
effect of low temperature separation with respect to condensate 
recovery will be shown 
57-G 
Sample Grading Method of Estimating 
Gas Reserves 
D. L. Katz, University of Michigan, Ann Arbor; C. E. 
Turner and R. D. Grimm, Phillips Petroleum Co., 
Bartlesville, Okla.; J. R. Elenbass and J. A. Vary, 
Michigan Consolidated Gas Co., Grand Rapids, Mich 


A technique presented by which well samples and core 


plugs of the Hugoton dolomite formations are classified by 


microscopic examination into seven different porosity grades 


Quantitative values of porosity and permeability are deter 


mined for each grade by a statistical correlation of the core 


plug test data with porosity grading system. These quan 


titative values can be applied directly to the grades exhibited 


in the well samples for the purpose of estimating the reservoir 


pace for wells that were not cored. The procedure is 


described for t iting the gas unit area for 


ith Hugeton - Field but 


reserves per 


reserves estimates for the 


58-G 
Looking Ahead at Natural Gas 
James E. Pew, Manager of Natural Gas Dept. and 
Director, Sun Oil Co., Philadelphia, Penn. 
Considerable nation-wide attention has been given the nat 
to its phenomenal post-war 
United 


This paper will discuss the growth 


ural g wdiustr recently due 


growth a controversy in the Congress of the 
States over tl rr Bill 
ot the " i | gas in fustry 
iel markets at regulation of the industry 
Panel Discussion on Liquefied Petroleum 
Gas Storage 
K. C. Howard, Richardson & Bass; Charles B. Johnson, 
The Chicago Corp., and G. L. Brennan, Warren Petroleum 


Corp 


the present reserves, the eflect on 


ad the 


Drilling Technology 
59-G 
Plastic Flow Properties of Drilling Fluids — 
Measurement and Application 
J. C. Melrose and W. B. Lilienthal, Field Research 
Laboratories, Magnolia Petroleum Co., Dallas, Tex 
of Bingham’s law to the behavior of drilling 


Che application 


viscometer permits the expression of 


of plastic viscosity and yield value 
fluid 


cribed 


A commercially available 


low prepertie ‘ t ti 


onal and when modified to a 
shown to provide a simple and 

he measurement of these proper 

ind in the field. The data obtained 

n defining and understanding mud 


and to the 


iseful 
chemi al 
f muds 
60-G 
Carrying Capeciiy of Drilling Fluids 
Cc. E. Williems, Jr. and G. 4. Bruce, Humble Oil and 
Refining Co., Houston, Tex 


{ laboratory 


relating to 


treatment 


ind field experiments were conducted 


intimum annular velocity 


necessary to re 
effects of 


Section 2 


d to investigate the properties of 


Continued on Page 
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AFTER THE MEETING—A TOUR OF WYWCATAN 


Within the Archaeological Zone of Uxmal. Lodging will be at the Maya rida. | understand the accommodation- 


Chichen-Itza, located 83 miles east of land Lodge. an extreme! turesque are excellent 


» 


Merida, one may visit (more than) 25 lodge located in the of the | 


el Me 


M heol feel that the trip is extremely 
yV ” ed s * s « e eheolog zone 
ayan monument temple hrine archeological f weiitellitin ahbiin: ‘alite) deat: ‘te seal ii 


accessible only 





pyramids et \ great are hitectural va beaten path hatin 


riety of impressing beauty is displayed Hotel Reservations by sir and an occasional ship. The 


n these ents scattered over ¢ 
in these monument cattered over an In New Orleans Mavan ruins indicate the existence of 
area ot approximately six square mile civilization greater than anything mos 


n All persons plant 
1 above passage is from a current Fall Meeting in New 
travel folder and contains the usual October 46 should 


people ever imagined existed 
American Continent. Even thou 


we f supe . p highest at s seem to 0 », to 
overload of superlatives and colorful Meee sation kn, Chad ghest attainments seem to overlap, t 
adjectives. But, according to those who 1 certain extent. with the latter stage- 


have been to Merida. Yucatan. the de 
ber is a busy month 


= ription is not overdone For those who ind hotel lodg ng 


ranging fer accommod 
of the Stone Age. their actual accom 


plishments are amazing. For example 


would like to see for themselves the tH ft the Mayans have developed a calendar 
on le spur 0 he 
beauty of the present and the remain which excels in accuracy our modern 


of the past in Merida, the Delta Section 


If vou have 
P calendar and their timing of the year 
vations vou 


called on Ge , twater to ¢ varied with that determined by our most 
upen wdon I. Atwa uN toads WC i 


modern methods by some 15 seconds 
In addition. without the aid of the 


wheel and many of the leverage devices 


Fenet & peer macinng. eur os the ruins Bldg New Orlea 


in that area as extracurricular activity 
number of rooms | 


‘ for the Petroleun 
trip by air that will cost about $198.00 | 
n 


What he has come up wil 1 four-day 
we use today, they built some rather 
your letter : 
evervthing included Members who massive structures and their art w 
should state your ch 
would take advantage of the tour should loubl 
double 
contact Gordon Atwater, Whitney Bank | id Even though their writing was the crud 
arrival and departure hoice 
Bldg.. New Orleans, La. Fred E. Sim vigil est form of hieroglyphics, they still 
of three hotels and our ime ind 1 n } 
mons Ir chairman of the Delta set seem to have devel yped 1 rather high 
address. You may 


many ways is equal to the Egyptians 
room Ipprox 


form of culture 


following hotels ti elt } 
an get from 20 to 25 replies 


ihead and make reservation 


tion, has this to sav about the trip 
“(The) trip can be scheduled to quarters), St. Charles 
leave at 8:00 a.m. Saturday, October 7 teleone. Lafavette. New 
and to return to New Orleans Tuesday 
October 10. at 6:50 p.m. Ineluded in 


rd plar w trip s al dded incen 
Jung Avoid congestior if have . plan ry \ : added 

tis wut that the cost of this 
not done so. mail 
deductible fron neome 


the itinerary will be the Chichen-Itza today a. 








ruins and can be made to include the 








PRODUCTION TECHNOLOGY COMMITTEE 


{ ls ere tl i I sure to be well received at the 


The Production Technology Committee, consisting o 
men, is the group responsible for the selection of techni 
. . ‘ i = its chairn this ¥ r Morris Muskat 
papers which will bre presented at the Petroleum Branch | _ ; om — ¥ L h | 

t il Leseal nd DD opment (Co orking with hin 
Meet ngs in New Orleans ind Los Angeles. Calif ‘ Ae 
¥ . were ' tterweich. of the Texas College of Arts and 
Creening and promotion it papers ofa h gh typ wa . ‘ . I, in of Sohio Petre leum Co } ar! 
particularly tedious job. a t alwavs is. But the committee , f he ort ‘ ind R. | Parsons. of The 
this vear « } yrroud of its work. and the papers ibstracte 


Pictures of Parsons and Kipp are on Page 17 and Page 23 respectively 


VORRIS MUSKAI PRANK DOTTERWEICH INCOLN F. ELKINS 
Gulf Oil Corp exas College of Arts and | | trie Sohio Petroleum Co 


(hairmar Vice-Chairmar 
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LOS ANGELES MEETING 
OFFICERS 


N. van WINGEN 
Petroleum Technologists, Ine 
Chairman. Pacific Petroleum 
Chapter 
K. D. TOWNSEND. JR 
General Petroleum Cor 


Arr il 


R. L. PARSONS 

( alifornia Research ( orp “ey 

Program wt A 

HERMAN SCHALLER 

McCullough Too! ¢ 
Ex! 


H. \. MARSH 
General Petroleum Corp 
General Chairman 


FE. A. GALVIN 
Western Gulf Oil Corp 
Luncheor 


‘= 
i 


JOHN R. MeMILLAN 
Fullerton Oil Co 
Dinner Dance 


J). EF. ALENANDER 
Lane-Wells ¢ 


Publicity 


PROGRAM 
PETROLEUM BRANCH FALL MEETING 
Los Angeles, Calif., Oct. 12-13 


ELKS CLUB 


THURSDAY, OCTOBER 12 


8:00 a.m. to 5:00 p.m. — Registration, sale of tickets, and review 
of exhibits — Elks Club Ball Room. 


9:30 a.m. to 12 m — Technical Session — Elks Club Auditorium 
74-G — 75-G — 76-G* 


12:15 p.m. — Petroleum Branch Luncheon at Town House Hotel — 
Branch Chairman John E. Sherborne presiding. 


Papers 


2:00 p.m. to 5:00 p.m. — Technical Session — Elks Club Auditorium 
Papers: 40-G 
(Also two additional papers) 
page 24, Se 


tles of papers and authors 
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FRIDAY, OCTOBER 13 


8:00 a.m. to 5:00 p.m. — Registration, sale of tickets, and review 
of exhibits — Elks Club Ball Room. 
9:00 a.m.to 12 m — Technical Session — Elks Club Auditorium 
Papers: 73-G — 79-G 
12:15 p.m Pacific Petroleum Chapter Luncheon and Business 
meeting at Town House Hotel — Chapter Chairman N. van 
Wingen presiding 
2:00 p.m. to 4:30 p.m. — Technical Session — Elks Club Auditorium 
Papers: 12-G — 78-G 
Also an address by A. C. Rubel, Vice-President, Union Oil 
Co. of Calif 
8:00 p.m.— Dinner Dance for all AIME members ond guests — 
Rendervous Room, Biltmore Hotel. 
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LOS ANGELES ABSTRACTS AND AUTHORS 


12-G 
Experimental Studies on the Characteristics of the 
Electrochemical Potentials Encountered 
in Drillholes 


L. De Witte, Geophysical Consultant, Los Angeles, Calif 
Based 


4a variety of 


on measurements of electrochemical potentials across 


sedimentary rock 1 generalized theory for the 


This 


in the interstices of porou 


spontaneous potentials leveloped theory use 
concept of apparent ion mobilities 
ording to their electrochemical! 


rocks. To classify sediments a 


behavior, the “electrochemical formation coefhcient is intre 


duced. This coefficient is found to be related to the amount of 


conductive solids as determined from resistivity measurement- 


This relation is utilized in an outline of the application of the 


new derivations to electrolog interpretation 
73-4 
Mineralogical Studies of California Oil-Bearing 
Formations 
I. Role of Clays — Methods of Analysis 


W. C. Merrill, A. Grenall and P. G. Nahin, 
Union Oil Co. of California, Los Ange!es, Calif 
\ progress report of an expe rimental investigation 


into the 


role of clay in reservoir performance is pre sented, The paper 


gives the reasons for considering clay as a significant com 
broad field of 
to p u Descriptions of the analytical 
lude X-ray diffraction, elec- 
n petrography 
suite of the 
embled 


lards in core 


ponent and outlines the ob es of a 


study 
which it is intended 
methods used are given: the me 


tron miscroscopy, thin cation exchange 


analysis and infrared s4 roscopy. A more impor- 


tant clay minerals has be i and characterized bv 


these methods for analysis, 


use as stat 
Il. Role of Clays — Analyses of Natural Cores 
P. G. Nahin and R. S. Crog, Union Oil Co. of California 
Los Angeles, Calif 
The methods of analysi 
to field cores taken frot 
strata 
fresh \ particularly 
the Stevens Zone and Gatchell Zone in the San Joaquin Valley 


in which the difference in behavior can be 


developed in Paper | are applied 


differing 


their susceptibility to damage by 


representative and widely 


especially is regard 


water lear-cut example of cores trom 


ascribed to differ 


ences in the nature of the presented and discussed 


74-G 


Relaxation Methods Applied to Oil Field Research 


H. Dykstra and R. L. Parsons, California Research Corp 
La Habra, Calif 
method for vin 


tions in fluid flow ix deseril The 


A numerical partial differential equ 


method is ipplic 1 tk 
analysis and relative permeability measurements to cak 
onstriction effects and tlate the true pressure 


center tay Hassler 


ipparatus h inthe ithon t < ested 


measured by a 


ability 


tvpe relative 


Relative Permeability Studies 


1, Fatt ond H. Dykstra, California Research Corp 
La Habro, Calif 
Relative wetting phase pe eabilities cal 


lary pressure-saturatior lata re compared 
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ita. The equatior relat 
pressure-saturation dats 
is medium is analogeu 

e equation includes a tern 


] 


ee fluid pati length and 


iit data in the water l 
water 


permeabvil 


76-G 
Flow of Two-Phase Single-Component 
Fluids Through Porous Media 


Steady 


Frank G. Miller, U.S. Bureau of Mines 
San Francisco, Calif 
fundamental 


equations tor des« 


ynamn behavior of two-pt int 


inder steady conditions through perou 


The significance of the underlying flow 


operations is indicated. In particular 


pertains to the steady idiabat 


two-phase flow of a omponent 


zontal column of abera 


porous a | 
ially desis 
an the test 


materials 


d with spe ipparatu 
fluid, substantiate tl 
ind experimer 


ve experime ntal ine 


77-G 
\ Surface Indicating Pressure, Temperature and 
Flow Measuring Instrument for Logging 
Subsurface Well Conditions 
M. B. Riordan, Byro Calif 


n Jackson Co. 


It er describe h 


Los Angeles 
onstruction pr i i 
ly — 


ped surface indicat 


7T8-G 
Iranian Gums as Treating Agents for Drilling 
Fluids 


George Tchillingarian, Graduate Student, University of 
Southern California, and Carrol M. Beeson, Petroleum 
Engineering Dept., U.S.C., Los Angeles, Calif 

was made of the effectiveness of the natur 


of Iranian origin in reducing water 


! fresh-water 
ind at 180° 


wily gel 


salt-water and 
and inel 

properties 
thre iddition of gums 

characteristics of all 
red lirne hase i d | 
Lk0°F in 


esse! Xtent. of toa 


reased the 
! 
valuable treating 


dicated that lraniar ms 


lrilling in the salt-dorne 


ther parts of the 


world 
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EXHIBITORS IN NEW ORLEANS . 





CO., INC, 


ondary re 


LARKIN & 
packers for se 
packers balloon 
{ ) pressure packers 
tion types. Will also feature Larkin “Packerlog 
HALLIBURTON OIL WELL CEMENTING 
(Booth 1) —Cut-away models of Halliburt 

sales tools, Will feature new Electrical Side Wa 

their Caliper Tool. Also Format 

ording Device. | 


(Booth 3) — \ 
Working vele 


packers ‘ jual ng pressure | 


overs 


other product 


as well as 


long with 
ind the BT Bomb Pressure Re 
ment and allied tools 

EASTMAN OIL WELL SURVEY CO. 


hole tha 


( Booth 4) — 
Background showing an oil well bore 
frilled under a salt dome. Also a diagram show 
tional drilling. Equ 
Ivpe W Me 


lipment to i 
hanical Drift Indi 
nstruments 

CORE LABORATORIES, INC. 
Stair) —i\ Fechnical display 
de Well Logg 


(Booth 
with photog 
f derrick-s ing units shewing ext 


views of equipment in use, On-location core 


ore analysis and others. Also Reservoi: 
s. (1 offee bar serving refreshments fre 
KEYSTONE DEVELOPMENT CORP. 
The Sonolog Acoustic Well Sounder. widely 
m wells. Also will feature their High Pre 
Attachment for use conden 
1M | attachment is used with the regular Son: 
GROVE REGULATOR CO. (Booth 17) — \ 
hibit the Versatile Flexflo Expansible Tube Vals Cl 
Check Valve 
service Al-o will 
lator Seat-Seal Valves 
ind “SL” Valves 
DOWELL INCORPORATED (Booth 8) — 
t of materials and pictures explaining the De 
hasis will be placed on Gulf Co 
he oil well yla-tee Actual well core ol sar 
ifter Plastics are 


Leig 


(Booth 


on high pressure 


used in meter runs, disposal line 


Grove P 
ind the Grove MI 


show the owreactor LD 


the Grove 


ist services. | 


Dowell Sand Consolidation 





M. O. JOHNSTON OIL 
(Booth 2) — New Hydraulix 
ston Formation Tester and the 
Perforator. Working models will be used. In add 


tion Tester Packers. Pressure Rec ind othe 


FIELD SERVIC! 
Fishing Jar. Al 


Johnsten Shoot 


order 
will be shown 
MARTIN-DECKER CORP. (Booth 6) — \\ 
for the first time their Tvpe F indicating | 
instrument, the Hvdro Mec 
ment, the Tong Ts Indicator and the Drillog 
HOUSTON OIL FIELD MATERIAL 
(Booth 8) — Exhibit will contain scale 
» Releasing Overshot, Releasing Spear, | 
itters. Drilling Ty yo Safety Joint | 
nal Bumper Jar. Safety Lo« l 
ional Drilling Tools. Also subsurface 
with « it-away nodels 
MeCULLOUGH TOOL CO. (Booth 
yn displ will include electric 


face equipment The latter will fe 


and re 
h indicating and ree 


que 


16) —0 


wire lit 
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10) — 
and bridging 


Packer display will also 


LANE ‘WELLS co. 


( Booth 
ctivity. packer 


The Mag ( 


pertorating 
plug 
pended in air with no ipparent means 
WORKS (Booth 2) — Will p: 
Shaffer Hvdraulic Cellar Control Gate 
fler-W iguvenet Joint 


ind the Blowout Pre 


of support 
SHAFFER TOO 


Satety 


Bumper 


Shatle 


rOOLs, INC, 
Retrievable 
‘reduction 
h Down Whirles 
i Wir Line Bridge Plug 
B&W INC ORPOR ATED (Booth 16) — Displays o 
BA W i ‘ iliver and gravel packing 
Booth vy tM jomimated by 


phote 


(Booth 9) — Will exhibit 
“K” Cement He 
Rotary Casing 
Shove 


BAKER Ol 

lod Cementet 
Packer, ““ 
Float 


Cement 


equipment 
yraphs and a small grave! 


‘i— 


(Booth 
Pre ire and 


at will bye 


‘ EOP HYs sl Al RE As — H — 
Will show Be 1 Hole Re 


ing cut-away 


part that go inte this inc-trument 


gauge maintenance engineer will 


e on hand t wer question 
SCHLUMBERGER WELL CORP. 
( Booth is ) \ working scale model of the MicroLog 

the basic essentials. Formations will be simulated 
drilling fl ! The MicroLogging tool 
own f fit the model operated manually under 

le len a I} seale MicroLogging toel of newest ty pe 
JOHNSTON OLL FIELD SERVICE CORP. (Booth 
12.33) — ¥ display plexig hanical models of test 
yuipeene te I the Shut-in Pressure Reverse Circu 


testing 


SURVEYING 


lass mes 

vw both open hole and pre 

de casing will be ava‘lable 

: alt ING SUPPLY CO. (Booth 
ts and equipment 

TOOL Ss. INC. (Booth 6) — Exhibit 


na equipment 


for examinatio 


GEO. W. 11) — 


-ARRE rl ol 


- AND IN LOS. ANGELES 


weight indicator and soni 
of all MeCulloug! 
Demonstrations will be 
RAPID BLI E Rete CO. (Booth 18) — Will 
! wks of calendar art (without 
oft drinks 

(Booth 5) — Will display 
Scraper, Product No. 910-4 
nulate Baker Wash-Dow 
No. 120. Cutaway models of 
Production Packer K” Re 
Open Hole 





v ( given 
rHE 
Wil ir erve free 


POOLS, ING, 


B AKI R on 


nt Retainer ( Bridge 
HALLIBURTON OL WELL 


(Booth 7 a W shibit thei 
RT } Pr , , reins 


CEMENTING CO. 
Formation lesting Tool and 
Floating 
nor display of standard mea 


All tools will be 


Devier Equipment 


cut-away 


TERPORATENS CO. (Booth 17) — Exhib 


ind equipment 


PAC FIC 
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See the B & W Exhibit at | 
the AIME Petroleum 
Branch Meeting in 
New Orleans 
Booth No. 16 | 











B ond W 
Multi-Flex Scratcher 


Scratches on the Upstroke After 
Casing Reaches Bottom 


Straight Spiral 


BB ond W Latch-On Centralizers 


Strongest, Safest and Easiest to Install 


BB ond W 
Nu-Coil Scratcher 


The Coil Spring, Reversible 


Scratcher 


J iM \ ~ 
BB ond W BB ond W Wall Cleaning Guide 
Rotating Scratcher The Original Scratcher 


Cover the Critical Sections, Rotate and 
Circulate Until the Cement Is Placed 


FOR MORE COMPLETE SPECIFICATIONS. ENGINEERING DATA AND PRICES, WRITE TO 


GULF COAST A - WEST COAST 
B. W 9x00: oualed Pansat 


P.O. Box 5266 
Long Beach 7, California 


Houston 12, Texas * Wolf Completion Specialists - Long Beach 4-8366 
ong eac m 


Phone WE ntworth 6603 














e@ October 15th-21st will be Oil Progress Week. 
It’s the time when people look to you for a report 
on progress you and your industry have made. 

Last year thousands of oil men throughout the 
country took advantage of Oil Progress Week to 
tell their story—with results that paid handsome 
dividends in good will and good business. This 
year it is more important than ever to explain 
how your firm is helping to build up the nation’s 
strength ... provide America with more and 
better oil products. 


You're the winner! YOU benefit when your cus- 
tomers know about the progress that results from 
competition in oil... how you compete with rival 


companies to win customer approval. Get people 
better acquainted with your business—your prob- 
lems and your achievements—and you create good 
will that’s sure to pay off for you and your firm 
in the long run. 


Hurry! Get your free tie-in material now! All 
the tie-in material you need to make Oil Progress 
Week your week is now ready. Tie-in ads. 
sample speeches ... booklets... motion pictures 

. window streamers... poster designs . . . radio 
material—it’s all ready to use—the biggest, best 
tie-in package the oil business has ever put to 
gether. Get in touch with your local O.1.1.C. of 
fice NOW, or write to: 


OIL INDUSTRY 
INFORMATION 
COMMITTEE 


50 West 50th Street « New York 20, N.Y. 





Don’t miss this chance fo win new friends in your / 
community! Make Oil Progress Week your week! 





A SB Sa BEET 


2. Model 888 Reliever. 
Unit will be buried ofter 
instaliction. 


|. Model 899 intermit- 
tent discharge direct 
foct-operated Sepa- 
rator Oil Valve, also 
available in throttling 


10. Model 80-821 
Grove Air-Dome load- 
ing principle applied 
to Flexflo Pressure Re- 
ducing or Back Pressure 
Regulators. 


9. Model 898 Sepora- 

tor Oil Valve, operoted 

from level pilot con- 

trolled by displace- 

ment floct 
8. Model 80-43 Fiex- 
flo with lever-actuvated 
Operotor. Remote op- 
eration by pull-cord or 
chain 


The Versatile 


The heart of each unit shown here is the never- 
failing Flexflo Valve. Whether your control problem 
is simple on-off; pressure reduction or relief; holding 
back-pressure; automatic shut-off; continuous or in- 
termittent separator discharge, or any of a score of 
other services, the Flexflo is the valve for the job. 


3. Model 80-42 Fiex- 
filo. Pressure applied to 
operctor dicphragm 
causes opening or clos- 4. Model 80-833 Back 
A ing of Fiexfilo. Pressure Regulator 
holding bock pressure 
on gas line from sep- 
orator. 


5. Model 80-41 Sole- 
noid-opercted Flexfio, 
for standard direct or 
alternating current 


6. Model 889 Fiexflo 
for loading rack serv- 
ice. Hos manvol on-off 
control and automati- 
cally maintoins prede- 
termined bock pressure. 


7. Model 897 Flexfio See the 
Automatic Shut-Off FLEXFLO Valve 
peanstlag © ogee Aaa Booth 17 
hecter oses cuto- 

matically if line break- 1950 New Orleans 
age in heater increases Meeting 

flow Petroleum Branch, 


GROVE Flexflo 


his flexibility is achieved through Grove s broad 
range of Operators. These Operators match and 
complement the Flexflo’s ability to close bubble- 
tight, to resist corrosion and erosion, and to give 
the maximum of maintenance-free performance. 
Contact the nearest Grove office today for full details. 


GROVE REGULATOR COMPANY 


65th & Hollis Street, 


3608 Navigation Bivd., Houston, Texas 
310 Thompson Bidg., Tulsa 3, Oklchoma 


Oakland 8, California 


1930 W. Olympic Bivd., Los Angeles 6, California 
205 E. 69th Street, New Yor 
j ae 











AMERADA 
BOTTOM HOLE RECORDING 
PRESSURE AND TEMPERATURE 

GAUGES 


You are cordially invited to visit 
our display booth No. 7 at the 
New Orleans Meeting. We will 
have both petroleum and main- 
tenance engineers on duty to 


discuss your gauge problems. 


GEOPHYSICAL RESEARCH CORPORATION 
2607 NORTH BOSTON PLACE 


TULSA, OKLAHOMA 














Two new books at a 
special price to AIME members 
PHYSICAL PRINCIPLES OF OIL PRODUCTION 


By Morris Muska‘ 


Director of Physics Division, Gulf Research and Deve lopment Co 


937 pages, 352 graphs, diagrams, etc. 50 table« 


H“" the key to greater efficiency in oil and gas | 
authoritative explanations of the physical principle 
engineering and the plication in actual field pr 

This reference presents the fundamentals of phy 
types of oil-product mechanisms, including the 
ind) gravity-drainage yetems. It also discusses 


ondensate reservoi nd the recovery f additior 


by both gas and water injection 





{ few of the many topics explained in this book 


@ anisotropre formations @ calculation of recove 


@ bottom-water drives @ condensate resé 


@ bulk-volume determinations @ core analysis 


NATURAL GAS AND NATURAL GASOLINE 


By R. L. HUNTINGTON 


Professor of Chemical Enegineeri: Universit Oklahon 


YR 


Latest methods in the production and transportation of 


natural gas and natural gasoline 


fustry 


June, 19% 


SSSSSSS Ss SSSSSSSSS eee eeSSSSSeeeeseeetrensessessesseuaes: 


\s a special service to AIME 
members only, the Petroleum 
Branch of AIME offers cach of 
these books at a special dis 
count rate. NATURAL GAS 
{ND GASOLINE, which the 
publisher sells for $8.00, can 
be ordered through this maga 
zine for $6.50. PHYSICAI 
PRINCIPLES OF OIL PRO 
DUCTION, normally $15.00, can 
be ordered for $12.00 


Petroleum Branch, AIME 
601 Continental Building 
Dallas 1, Texas 


Please send me y pie ysico nciples of Oil Production 


31 Gos and Natural Gasoline 


Send your order only to Petro 
leum Branch of AIME in Dal 
las. Order must be accompanied 
by check and a signed copy of 
the coupon on this page 





SSPSSSSSBBeBeBeeeeeeeeaeaeae 
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DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 
Discussion in writing (3 copies) may be sent to the Editor, Journal of Petroleum Technology, 601 Continental Building, 
Dallas 1, Texas, and will be considered for publication in the Transactions volume Petroleum Development and Technology 
Discussion will close December 1, 1950. Any discussion offered thereafter should be in the form of a new paper 


T.P. 2951 











A STUDY OF RESERVOIR PERFORMANCE OF THE 
FIRST GRUBB POOL, SAN MIGUELITO FIELD, 
VENTURA COUNTY, CALIFORNIA 


WAYNE E. GLENN, CONTINENTAL OIL CO 


ABSTRACT 


The San Miguelite Field of Ventura 
County, California, lies along the coast 
approximately five miles northwest of 
the city of Ventura. The structure is 
one of several in the Ventura anticline 
folds 
northwest-southeast through the San 
Miguelito Field. The Ventura 
Field lies to the 


anticline 


a series of anticlinal trending 
Avenue 
southeast along the 
and Padre Canyon and Rin 
con Fields lie to the northwest: the se 
beneath the Pacifi 


Production is obtained from the 


ries then extends 
Ocean 
Lower Pico and Repetto formations of 
Pliocene age, and ofl accumulation is 
controlled — by lithology and 
First 
Grubb Pool was completed in Novem 
ber, 1931 and to date 
wells have been drilled on the 276 pro 


faulting, 
structure. The first well in the 
48 producing 
ductive acres. Approximately 685 ft 
of net pay are contained in the eight 
sand bodies grossing 1,220 ft of section 
Production of oil to date has been 15 
600,000 bbl 
was instigated in 


A gas 
April, 1940, but was 
1949 


injection project 


discontinued in September 


This paper is confined to a discussiot 


of the development and performance 


history of the First Grubb Pool of the 
San Miguelite Field 
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West, S 
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illustrate 
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wherea 
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west Vhe 
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The First Grubb Pool comprises the in 
terval from the “G" to “L” markers 
the Second Grubb Pool from the “L’ 
M” markers. The First Grubb Pool 
nging in thickness from 1,105 to 1,680 
with an average of 1,220 ft 
woximately 685 ft of 


includes 
oil-bearing 

The First Grubb zone consists 
eight sand 


intervals separated by 


The shale bodies separating the eight 
ind intervals within the First Grubb 
Pool are continuous throughout the ma 
part of the 
in effective 


structure and serve as 
Many of the thin 
gular shale or siltstone streaks with 


ind do 


barrier 
sand bodies are discontinuous 
not affect well performance ap 
preciably 


The productive horizons in the First 


Grubb Pool are 


siltstones and sand 
tones of the Lower Pico and Repetto 


formations of Pliocene age 


It is apparent from inspection of the 
pical log that the “G" to “I 


night have been separated mto at least 


interval 


x producing zones and selectively pro 
d. Unfortunately the electric log 
d some of our modern tools were not 
ivailable or were in their infaney dur 
s the period 1931 through 1937, Not 
ntil 1937 when eight wells had been 
mpleted were there sufficient geologi 
1} data to 
d bodies 


oir control in this multiple-sand field 


permit definition of the 


Then the problem of res 


here all sands are open to a common 
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Table | 


Summary of Formation Characteristics 


Weighted 


\verage 


orosity 

I t 

Per Cent 
17.2 
18.1 


17.2 


Because of 


ple ted 


well bore was re 


the number of wel cost 


considerations, and the mplexity of 


the structure, however, the decision was 


ill oil-bearing sands 


’ 


made to produce 
imultaneously Fig ty pr il sections 


illustrates the complex geologic prob 
lem that 


accounts to a large extent for 


type completion and for the slow 


development rate 
The First Grubb 
Miguelito Field was di 
complet on of Grubb Well No. 1 in No 
1931 750 ft for 
an initial potential of 616 BD of 32 
API gravity. In August, 1932, it 
Was recompleted with an initial produc 
tion of 2.449 B/D. As of ptember | 
1949, 48 producible wells had 
drilled to the first Grubb hor 


Pool of the San 


covered with 


vermber 


at a depth of 6 


degree 


been 


FORMATION AND FLUID 
CHARACTERISTICS 

The re 

of ¢ 


servoir rocks are quite 
Pliocene ind 


orted 


tv pic il 
They ure 


ind con 


alifornia 
generally rather poorly 
tain a large amount of irgillaceou 

well cor 


meabilitv te 


material, ranging from 


olidated inds of low 
unconsolidated high] sands 
is shown by the tvy 


Fable | 


marized in 
Porosity 


somewhat limited a 


determina 


tions are only sane 


800 samples from 20 well 


were anal 


vzed The weighted iwerage 


orosity 
18 per cent 
' 


itv is BO millidare es 


I 
ind the average p 
| 


weighted 


iverage porosity neability were 


letermined by 


ind per 
arriving t an average 


ilue for each foot of 


measured 
from the 


These 
to the 


top of eac nd marker 


iverage value 


ipplied 


corre ‘ 


erval o 


spond neg 
each well 


Pool 


penetrating 
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FIG. 2 — TYPICAL SECTIC 


at the —5.500 ft field datum and 158°} 
Subsurface sample data were extrapo 
lated to these conditions, and a forma 
tion volume factor of 1.428 bbl per 
bbl was used to correct reservoir vol 
umes to stock tank conditions 

The viscosity of the oil at subsurface 
temperatures of 158° and 3.000 psig 
was 0.92C,. The produced oil gravity 
was 32 degrees API at 60°F. This grav 
ity varies with trap pressure and tem 
perature. The solution gas-oil ratio was 
calculated to be 890 cu ft per bbl. With 
the exception of three wells near the 
ixis of the structure and considering 
trap pressure, the original produced 
gas-oil ratios verify this figure 

Average original pressures were cal 
ilated by zones using the water gradi 
ent through each oil saturated interval 
from top to bottom. This procedure was 


istified due to the fact that water ex 
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RESERVOIR PERFORMANCE 


Production statistics of the pool are 
nusually complete and accurate. Indi 
vidual well oil, gas, and water measure 
ments have been recorded since incep 
tion. These data plus frequent reservoir 


pressure and P.I. surveys make indi 


vidual well and reservoir performance 


studies more reliable than is often the 
case in a field of this age. 


A record of reservoir performance is 
shown by Fig. 5. To illustrate the indi 
vidual well performance, which is often 
more indie ative of true reservoir per 
formance than is the pool curve, Figs 
6 and 6a are included. These figures 
how the performance history of indi 
vidual wells. Correlation of well and 
pool behavior, as to spread of high gas 
il ratios, water production, gas-oil 
egregation and gas channeling, with 
the cumulative oil production and gas 
njection map shown by Fig. 7, yields a 
panorama of the extent to which gas-oil 
egregation ts achieved 

Pool performance history is charac 
terized by effects of concentrated devel 
pment localized withdrawal at high 
rates, gas channeling, and gas-oil segre 
gation. The magnitude of these effects 

obscured in Fig. 5 by selective well 
production in later years. Recent well 
( ompletions of down-structure wells and 
selective reservoir control have — re 
sulted in the lowering of pool gas oil 
ratios as reflected by Figs. 5 and 8. A 
tudy of individual well behavior in con 
inction with structural position, pene 
tration, subsurface pressure characteris 
tics, P.L., and gas-oil ratio histories dis 
closes a typical low permeability, solu 
tion gas drive pool. Water encroach 
ment in thin, high permeability sands in 
the I” and “J” 


lrainage are now affecting well and 


intervals and gravity 


ervolr performance 

While gas-oil ratios vary to some de 
gree with oil rates in the high-structure 
wells where there exist zones of low 
liquid saturation, this is not believed 
to be the case in the early stages of 
development, nor is it true now in low 
tructure wells where liquid saturation 

high 

The declining oil production rates, as 
hown by Fig 5, reflect the reduction 
imposed by MER adjustments rather 
than the actual decline in producing 
apacity of the wells. This fact is borne 
nut by the completion of 20 wells since 
the peak production year, several of 
which had potentials in excess of 1,200 
BRD 
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FIG. 3 ISOPACH MAP G 
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Table I Well No. 7 hich initially produced 
P.V.T. Data 1561 cu ft of gas per bbl of oil. Gas 

, | ratios of both of these wells de 

Pity lined witl dissipation f a small gas 
Interval ime ol ) in the thin gas sands located in the 


Sand turate ’ | 


and interval near the axis of 


Interval re ¢ Temp structure so that by 1940 the ratios 
ce." - 149 ; t these two wells compared with the 
a 7 1S) pool ratio of 1.250 cu ft per bbl. It is 
° + : 7 ig int that Grubb Well No. 1. while 
a M75 ) : 
1-1 157 le produced at rates equivalent to Well No 
i i I . i 
er 1S9 : . had prod wed approximately 1,530 


1.) 162 a 00 bbl of oil before the gas-oil ratio 
a é de > 


7? 165 exceeded 1,300 cu ft per bbl. The con 
ic -K 169 1 44) , parative performance of the two well 
Pool Datun 158 1.428 shown in Figs. 6 and 6a. Several orig 
stray gas sands occurred 
Throughout 1943, the p produc » which had an initial is il ADDON t 4.800 ft contour and al 
tion rate increased with development to 5.500 cu bt : times t thoug gas was rapidly dissi 
reach a maximum daily oil rate of tion ratio of 890. and the mplet f ited, wells completed as late as 194] 
500 bbl. During the period from early 
1944 through 1947, only an average of 
13 wells per year were co pleted in 
the First Grubb Pool. Te vermit con 
trol of withdrawal and to develop the 
productive sands that would not be ade 
quately drained otherwise, the develop 
ment rate was increased during the pe 
riod 1947 through 1949 by ym pletion 
of 15 wells. With the complet 


idditional wells in 1950. develo 


2817) MEAN ZONE 


will be complete 
The higl production rate of well No 
» for approximately 18 months after 
complet on created a lo | re area 
the effects of which h 
by pressure depletion 
two Vears PRESSURE 
(,ravity drain ‘ t f mo Y 
in maintaining ¢ g , , oo 2985 _ | e 
the down flank wells as evix sae 5500 POOL DATUM 
the gas-oil ratio performance « i HKLORIG. PRESSURE 3000 PSI G@ 
dividual wells The effectiv ; 


been minimized by high 





Ipeaty 


tial pressure until very recently t ’ + } 
practically impossible to leulate the 

434 GRAD (HYDROSTATIC) 
amount of gravity drainage ig place \ 


in a held of this tvpe wher everal | | 
sand interval ire ope to tt ime well 3105_—t- \ 

bore. A recent 46-day shutd 

held gave trong indicatior 
tional m gratio 

noted from ce 


lown-structure well 


GAS-OIL, RATIO 


Initial produce { gas-oil rat 


9) were equivalent to the sol i o \ 
, . a 
in those early wells in w I . 2" © 


Ls o 





marker is located below | ; - 

vation. The variation in va , TEMPERATURE 

ported is due largely to 

in solution il ep 
The ibrupt ¢ pool gas-oil ‘ i ‘ ‘ 

rato ¢ n 1936 and | Tite PRESSURE 

with the 


c 
oO 
~ 
mo 


¢ { 


RE RE AND TEMPERATURE 
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46 47 48 YEAR between sand intervals within the First 








RESERVOIR 
LBS./SQ. IN. GA 


~m a b 
°o oO oO 


PRODUCED GAS 


CUMULATIVE GAS 
BILLION CU. FT. 


INJECTED GAS 


Grubb Pool 


GAS INJECTION 
The First Grubb reservoir is primar 
ly a solution-gas-drive and = gravity 
rainage type; therefore, operating pro 


/ BBL 


edure is based on the performance of 


that type of reservoir, A small-scale 
is-injection project was initiated in 


GAS-OIL RATIO 
cu FT 


\pril, 1940, as a conservation measure 
i to determine the feasibility of aug 

enting the natural reservoir energy 
sweeping the oil sands with in 

1 gas, thereby increasing the ulti 

ite recovery of oil. The relatively 


MILLION BBLS 


PRODUCED 


CUMULATIVE 
WATER 





f 





OIL PRODUCED 


OL 
I fh poy 
P a 


mall volume of gas injected to date has 
ot affected over-all reservoir mechan 
A cs other than to serve as a gas sweep 
A ; through a very limited sand volume. Gas 

if ress of gas injection. The initial gas 
njection well, Grubb Well No. 3, is lo 
cated on the north flank of the structure 
n the western part of the field 


NO. OF WELLS ”| io channeling has minimized the effective 
— 


The in 
ection intervals were “H” to “Ha,” 


WELLS 





NO. PRODUCING 





0 2 4 6 


10 2 ' Ha” to “I” and “I” to “Ia,” compris 


CUMULATIVE OIL RECOVERY-MILLION BBLS ng about 180 ft of effective oil sand 


FIG. 5 


produced free gas, as indicated by the 
initial ratio of Well No. 21. This well’s 
initial ratio of 5.892 cu ft per bbl de 
clined to near normal by 1943. Well 
No. 8 demonstrated similar characteris 
tics although located across the 3N 
fault 

The high initial ratio of Well No. 27 
reflects gas injection in the upper part 
f the “I” to “la” interval in Well No 
+. These wells are not separated by the 
IN fault. as the fault intersects both 
wells above the “H” 


marker 

In general, the gas-oil ratio trend 
maps. Figs. 10, 10a and 10b. illustrate 
localized 
of high 


effective gas-oil segregation 
gas channeling. and the effects 


withdrawal rates 


The upward trend of the pool gas 
oil ratio during the war vears reflects 
the effect of heavy withdrawals from 
structurally high wells which caused 
local areas of low liquid saturation and 
low pressure. Gas injection initiated in 
1940 adversely affected the gas-oil ratio 
due to channeling of the injected gas 
The reversal of the pool gas-oil ratio 
trend in 1946 was due to the completion 
of lew gas-oil ratio wells downstructure 
and shutting in high ratio wells. 

Until excess gas is excluded in the 
intermediate” and “high” ratio group 


wells, maximum withdrawal should be 
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During 1941 and 1942, the daily aver 
ve of 0.450 MMef of gas was in 


at a well head pressure 3,200 psi 


obtained tr the current lo 


Th volume was increased to 0.75 
\iMef daily during 1943. By November 
1943, a total volume of 511 MMef of 
had been injected 
nese cout edhe ay ection in Well No 
cessfully d | wells will b i | 


newly « plete well Th 
might be complished by 


plugging ga inds or ch At this time gas 
3} was discontin 
vecause of gas channeling evident 
electively prod Grubb Well No. 27. This well was 
Even t ne verine mpleted in Se ple mber, 1942, offsetting 
abilitv. distr tie id method « e injection well, with an average gas 
eration ma ‘ ‘ vi ol ratio of 2.285 cu ft of gas per bbl 
if oil, Considering the low effective per 
eability of the sands 


ultimate ypen to produc 


consider ivity drainage. Ratio « on in this well, the low initial produc 


trol in a type i vity index, the abnormally high pres 
cult: because lui ind re vou ire and a gas oil ratio three times 
characterist stag ) depletion « olution ratio which increased 600 cu ft 


some and ! er-comn " er bbl within a month, it became ev 


Fable I 
Pressure and P. I 
Da Well Datun 
OO Weigh Weighted b Number Prod 
Are { Wells Index 


Yeo { 4 inage ' » Survey Range 


Origina 
July, 19 -2.25 
June 39 ‘ B90 ) O7- .76 
Decem! 70-4.16 
Decembe 15-3.19 
December 13-1.80 
Decembe 04-1.54 
November 2 ) 14-1.80 
August ) r + } d 09-1.14 
8 ) 04-1.04 
Marc} I 830) 08- .96 
Marc} 7 08-1.04 


Septem! 
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highly 


lent injection 
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channeling through permeable 


streaks and adversely affecting Well No 


After 
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total Oo 
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per with 4a pressure 


lOO pug 
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ird to conceive how reservoir per 
and ratio control could have 
different 
is been experienced by 


Well No. 24 


that high-pressure gas injection inte 


rmance 


been greatly from that which 


injection mn 
It does not seem feasible 
an 
terval of this thickness could be con 
trolled 
{ thought as to the type gas injection 
that 


There are two definite schools 


project is most efficient and eco 


nomical. Some factors faver injection of 


gas at high pressure, while other fac 


ors faver injection at low pressure. Un 


there ho general rules 


Any 
to 


ortunately are 


to follow program is thusly com 


promised meet optimum economi 


msiderations while still striving to eb 


tain maximum oil recovery 


Factors favoring maintenance of high 


wressure are indirect effects on oil chat 


icteristics such as high formation vol 


ime factors, low viscosity, and low sur 


rol 
ir pressures include extended flowing 
te t 

sible 


remature 


tension by keeping gas in solution 
Operating benefits at high reser 
wells, providing gas storage for 


use or sale, and preventing 


gas slorage and prevention © 


water encroachment 
tunately 
vater entry ts not practi able in the 
First Grubb Pool due to the number of 

es open to 4a common well bore, and 
For 
current high gas-oil ratio wells were 


injection 


permeability profile example, if 


the 
iti as would 


n permanently nes 


essary under high-pressure 
ipproximately 82 per cent liquid satu 
this 


msidering gravity drainage 


ration would remain in area, not 


Water en 


confined te two rela 
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J possibly 
tively thin sand zones and will require 
hutting off as the pool is depleted re 


irdless of pressure 


Factors favoring injection of gas at 


w pressure are lower compression ra 
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larger displacement vol 


costs, 
in the reservoir per surface unit of 
vandled, effective utilization of the 
ral for 
| displacement (gas dissolved in oil) 


of fluid 


selective 


existing energy and agent 


i greater « ontrol movement 


the reservoir by injection 
d producing well control 
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il is recovered primarily due to actual 
necessary 
the 


that it 
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introduction of gas inte 
be 
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flow maximum oil 
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oir and gas injected through well 
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while injected gas, from necessity im 


following the line of least resistance, is 


capable of displacing oil from only a 


part of the reservoir before the ratio of 
gas circulation to oil recovery become 


economically prohibitive 


The part of the First Grubb reservoir 
which can be effectively swept by high 
pressure gas, a function of permeability 
profile, has been determined by injec 
tion in Nos. 3 and 24. In keeping with 
the above, maximum recovery and ulti 
mate economic gain should result from 
the injection of low-pressure gas as a 
sweep of each sand interval which i- 
separated from adjacent sands by major 


shales 


RESERVOIR PRESSURE 

First pressure observations were made 
in 1936 and sub eque ntl it six-month 
interval The estimated riginal pres 
ure of JOO0 pug at OO ft is based 
upon maximum recorded well pressure 
of 2.895 lb in Well No. 10 in 1939, and 
» 900 Ib original pressure n Well No 
14 in 1940. Other factor considered 
were hydrostatic head calculations, ex 
perience in similar pools of Ventura 
Avenue id study of pre ire recovery 


data 


Detailed pressure build-up time stud 
es have been made throughout the Life 
of the Fir Grubb Pool ! time re 
quired to obtain maximum build-up ha 
varied from 12 hours in the early life 
if the field to more than 30 days in a 
recent survey. Some wells were still 
building up at the end of this period 
\ build-up curve should be obtained on 
every well in order to arrive at the rela 
tive static pressure in each well. The 
value of a correlation of pressure, aver 
ige production rate for a period prict 
to the survey ind shut-in time in a low 
perine ability reservoir of tl Ivpe can 


rot be overemphasize { 


krom letailed study e pressure 


history of this pool and its application 
to reservoir performance 1 material 
balance calculation t was determined 
that two pre 
termined 

I bor 
ver pert rm 


eff 


weighted iverage 
mined by planimetering 
isebaric lines within 


ductive limit of the 
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(2) The true -ervolr 
the fluid at the 
depth in a whole interval. under condi 
ol stati It is 
practical ‘or determine 
fluid 


rium 


mean re pre- 


sure ts pressure mean 


tions equilibrium im 


impossible to 
under static 
the 


well 


distribution equilib 
rock 
fluid 


water 


conditions in reservoir 
Thus, a 
the oil, 
ap exists) within the 


the 


urrounding each 


gradient correction for 


and gas (if g 


fas « 


drainage area of well bore is ap 


plied to the measured mean well datum 
the 
theoretical 


to determine true 
the 
well 
sure is then multiplied by the net ef 
bulk the 
drainage The sum of these 
it) 


e total pool acre-ft to ar 


pressure mean 


pressure in drainage 


area of each This corrected pres 


fective sand volume within 


wells area 


values net is then 


divided 
at 


pressure 
by th 
the 


x acre 


rive volumetrically weighted 
mean reservoir pressure This pro« edure 
the 


intermediate 


followed determining 


ft the 


was also in 


pressure o crestal. 
and low structure wells (as grouped in 


Table IV) oil 


gas formation 


and in turn relative and 


saturation The 
calculated 


mean 


pressure oO shown 


Table Il 


Reservoir 


pressure maps, Figs. 12 
reflect concentrated with 
the prop 


erty line and subsequent pressure equal 


through 12e 
drawal along southeasterly 
as development progressed and 
taken 
The low average permeability and per 
meability distribution of the north flank 
by 


ization 


withdrawals were more ratably 


equalization and 
of offset 


4 pressure bar rier 


is evident slow 


variation in wells 


Although 


between individual sand intervals 


pressure 
faults are 
trom 
t reservoir standpoint faults do not al 


ter or affect pressure performance in a 


pool where all zones are open to a con 


well bore 


mon 
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COMPARATIVE RESERV 


ditheult to 


relatively short test periods 


mentioned is detect 
iring the 
nvolving comparatively small volumet 
withdrawals 
Well No. 11 offers 
ple of the detrimental effect of poor 
After 
» period, the productivity index 
August, 1939 found to be 0 
RD per psi. This is an abnormally low 
a south flank well, as shown 
The well reached its 
of 1.2 B/D per psi after 
produced 126,000 bbl This 
is apparent in a number 


an excellent ex 


id on productivity an initial 


lean 
was To 
jue for 
Fig. 7a peak 
productivity 
iaving 
characteristx 


the 


® ; t . af 


ons 


early water base mud comple 


i948 WATER PRODUCTION 
Water 
fe of the field was of relatively minor 
Subsequent to 1939, when 
drilled the 
vuthern flank of the central and west 
ot 
through highly 

ee 
found 
warrant expense of shut-off operation 
The 
Ls 
The 


held as 


production during the early 


mportance 


everal wells were along 


Rese 


a dire rn part structure, water encroach 
drawal permeable 


“we 


sufficient 


ment part 


oil rath 
1942. w 
tect 


and 
to 


t the m 


tervals was be to 


line water front is along the 
fault in a 
front has 


Weil 


increase d 


moving 
t 
water direction 


the 


northeasterly 
far into 


reached as 
No. 13 water 
twenty-fold since 1942 
in Well No. 19 


increased 


where 
it 
burt 


the w 


her downstructure 


iter cut ha from 3: 


cent in 1942 to 68 per cent in 1949 


WELL INTERFERENCE 


Potal water preduction from the First 
trrubl $ million bbl 
e wells a of 
total pool $70 
BOD. Control has been 
fheult and of the 
ecto lotted liner separated 
blanks 
bye 


off but only at the expense of seal 


Pool amounts to | 


count for 70 per cent 
water production of 
of 
expensive 


of 
to 6O ft 


water entry 


be aire 
et opposite 


iter entry can located and 


vil-productive sands of low per 


Table IN 


{ 


Summary of Recovery Factor- 
BA 
99.08) 
72.154 
5.794 


1.990 
4,242 
4.596 
688 
8.022 


PETROLEUM TRANSACTIONS, AIME 253 








Oo 
O 
a 
a 
[- 2] 
2 
a 
© 
~- 
w) 
a 
“ 
w 
x 
— 
ve 
Oo 
uu 
YU 
z 
tT 
= 
a 
oO 
ve 
a 
w 
a 
“ 
oO 
> 
a 
Aa 
Ww 
a 
a 
ad 
= 
la 
ve 
©) 
> 
fo) 
= | 
w 
oe 


T.P. 2951 


SAN MIGUELITO FIELD, VENTURA COUNTY, CALIFORNIA 





Q0Nd OF .« 
oAv oe © 
OF wi Ow Oe 
Swe 01 ev-or Ow 
cr OL OP- TNS” (OOSE 


nN 
20 WAMRLNE BON 
wOe A 40k HO HMOUN 
OVR4 OLN TIOOM NS 
wor GeNwD ses 


dvW WOOD TVILINI 











avw 


Ollva il 








PETROLEUM TRANSACTIONS, AIME 





676. HOUVW édvw Oliva 1OSVO 901 Old 


oO aw veANDA 
Bs O14) TO WS 
i avn Olle WO-Sv9O 


(eS) 

= 

< 

w 

Zz 

z 5 

re _ 

- VU 

e < 

a Z 

< 

z a 

rs _— 
Z 

= vw 

O 

a 

to 

a 








Vol. 189, 1950 





T.P. 2951 A STUDY OF THE RESERVOIR PERFORMANCE OF THE FIRST GRUBB POOL 
SAN MIGUELITO FIELD, VENTURA COUNTY CALIFORNIA 


"AMAA ara aad 


p Dt ote ee + te se ee, 


5 
i, nie 
+d EMail NPL: 
; : % 
YUM aly Pon sane tir te f 
: 
’ ‘ \ | \ 1 
; PAIR pren pW A 2 Awe 8 
PhO NA er owvA. WIL AA Wah, pf 
AO ee arn Nar £6 


cx 


ef “ SA. Ph. a. i A, lad 
ran OT i sa OA, 


. 
‘ 


AVC orem att at : 


Fy 4 Mr x 
: nee WP AM I eat e's ‘ 
, aed Pilea a dhe ia! AA § 


PETROLEUM TRANSACTIONS, AIME 








RESERVOIR PRESSURE 


7 > To riuc 
ve “T" AL Onna 
sume 
——— PRESSURE CONTOURS (8500 B47 
com? mTERvAL WO PR) GA 
STRUCTURAL CONTOURS O= TOF Ww FT 
TED AVG PRESSURE «Fee Pe OA 





JUNE, 1939 


a 
< 
= 
we 
ax 
a 
” 
w 
m4 
a 
a 
> 
& 
ws 
” 
us 
« 


FIG. 12 


Vol. 189, 1950 








— 
= 
< 
v 
z 
© 
_ 
U 
< 
w 
Zz 


PETROLEUM TRA 





A STUDY OF THE RESERVOIR PERFORMANCE OF THE FIRST GRUBB POOL 
SAN MIGUELITO FIELD, VENTURA COUNTY, CALIFORNIA 


MARCH, 1948 





a5 Q 


Fame x 
17 


a 
a 
= 
ve 
4 
” 
” 
uw 
4 
a 
od 
1°) 
> 
od 
ws 
” 
uw 
a 


. } 


1G. 12 


F 


~00 —1475 —T480 
a 





PETROLEUM TRANSACTIONS, AIME Vol. 189, 1950 





WAYNE E. GLENN 


a 
< 
= 
~~ 
wi 
a 
z 
> 
= 
2 
- 
9) 
> 
[o) 
+?) 
a 
a 
~ 
4 
= 
z 
! 
“ 
© 
= 





Vol. 189, 1950 PETROLEUM TRANSACTIONS, AIME 





T.P. 2951 


A STUDY OF THE RESERVOIR PERFORMANCE OF THE FIRST GRUBB POOL, 


SAN MIGUELITO FIELD, VENTURA COUNTY, CALIFORNIA 


PRODUCTIVITY INDEX 


4 study of Fig. 13, Initial Produc 
tivity Index Map, reveals the uniform 
low permeability of the north flank and 
westerly area of the First Grubb Pool 
Productivity indices of the recently 
completed south flank wells range from 
1.7 to 2.1 B/D per lb per square in 
pressure drop. The indicated potential 
of two of these wells was in excess of 
1.000 B/D. This fact is significant in 

stage of depletion of the 
limited 
pressure decline to approximately 60 


view of the 


reservoir interval open and 


per cent of the estimated original well 


datum pressure 

The productivity index history of the 
high ratio wells, Fig. 6, reflects declin 
ng productivity indices with increasing 
gas-oil ratios, As the peak ratio ts 
passed the productivity index increases 
or its rate of decline is arrested. This 
characteristic may reflect relative satu 
ration of oil and gas in a zone or zones 
not affected by gas channeling As a 
rule, the rate of productivity index de 
cline is directly proportional to perme 
ability te oil and in turn. structural 


position 
SPACING AND RECOVERIES 
The spacing density of the First 
Grubb Pool was originally 10 acres per 
well. The density was based on such 
considerations as an average net sand 
thickness of 685 ft. relatively low per 
meability, topography, and other fac 
tors. As development proceeded, avet 
age density was increased to 6.5 acres 
per well. Present well density of th 
developed acreage ranges trom 2.54 to 
approximately 8 acres per we | 
Recoverie to date range from an 
iverage of 18 bbl per acre-ft on the 
north flank to an average of 136 bbl 
per acre-ft on the south flank. The re 


Table IV 
f ce ple 


covery factors as shown by 
are grouped to illustrate stage 
tion, gravity drainage, and gas-oil segre 
gation by gas-oil ratio brackets, struc 
tural elevation, and flank of the struc 
ture. The north flank low recovery re 
flects low permeability and productivity 
indexes of less than one-half of those 
south flank. The greater bbl per 


swcre-tl recovery of the high ga oil ratio 


om the 


group reflect stage of deplet on and 


gas-oil segregation. T 
denced by the low re 
index of 52 bbl per 
area above 10.000 GOR 
5.093 bbl from the low 
The recovery in terms « 
ft and recovery index of bbl ; 
of the low structure 
fect of gravity segreg 
age This effect sho 
more pronounced as th 
pressures are dissipated 
the low pressure area 
the structure caused a 
ential greater than grav 
tendency to flow oil 
reason, gravity drainag 
the reservoir has been 
As of 


well was pumping 


August OAS 


eut of 75 per cent after 
recovery of 1.730.000 bb 

it was whipstocked son 

ture and recompleted 
interval of the First ¢ 

an oil potential of 100 
mated that the ultimate ree 
this well will be nearly 2.000.000 bbl 
the time of abandonm ‘ il wells 
have recovered near! 

Pool cumulative recovery s 15.600.000 


bbl 


CONCLUSIONS 


The San M guelito-t 
has produced 15,500,000 
billion cu ft of gas 
lion bbl of water 
evidence of a parti 
some sands within the 
from the southern flank 
the current rate of water 
is of such small 
not affect the bel 
gas-drive reserve 
calculations hay 
tigueus to thi 
eflective in n 
relatively small 
in the crest of 
no material effect 
(,as injection ha 
on offset well 
neling. Past reser 
tery under higt 


should not 
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future selectively controlled low pres 
sure gas injection 
Reservoir performance to date re 
flects gas channeling, effective gas-vil 
segregation, and effects of high with- 
drawal rates in a reservoir of relatively 
low permeability 
Faults, lamination of sands and 
shales, and heterogeneity of the produc 
sands affect the pressure and gas 
oil ratio distribution within the First 


‘rubb reservoirs; however, faults are 
not pressure barriers, with the possible 
exception of the one in the vicinity of 


Well No. 8 


The importance of determining true 
reservoir pressures in a steeply dipping 
high relief California type pool cannot 
There is a 500-1 b 
pressure differential between the top 
ind bottom of the First Grubb zone 
Volumetrically 
datum 


be overemphasized 


weighted mean well 


pressures have proved to be 
more accurate for reservoir mechanics 
ilculations. Due to the time required 
for this method of pressure analysis, it 
is often desirable to determine a mean 
formation datum pressure, as is the cus 
tom, which is satisfactory for use in 
well comparisons and selective with 


drawal control. 
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VOLUMETRIC BEHAVIOR OF OIL AND GAS 
FROM A LOUISIANA FIELD 1 


H. H. REAMER AND B. H. SAGE, CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, CALIF... MEMBER AIME 


ABSTRACT in tab ber i lrocarbon muxtures of relatively 


| ratios, but attempts to ex 
An experimental investigation was s correlation to higher ratio 
conducted upon five different paired . resented ive not been particularly successful 
samples of oil and gas from a field ir 4 


Louisiana. The study, with each pair INTRODUCTION 


of samples, included the measurement oe : nnot be simply related to a single 


h as gas-oil ratio. In on 


rence of composition upon the 
netri behavier of such system 
of the formation volume and the yolume ote ; f : ms imeter suc 
of the liquid phase for three mixtures of ~ ‘ eric hee { ’ ler to aid in the extension of the corre 
the oil and gas. The gas-oil ratio varied ES are tiv of the volumetric behavior of 
from approximately 200 to over 40,000 F 7 7? j L tures of oil and gas to higher ratio 
cu ft per bbl and measurements were ba iia — ither complete study was made of 
made at temperatures between 40° and { gu eld F e different pairs of samples from 
250°F. The gravity of the tank oil for * ; +) SS ape ina field. The complexity of the 
the five samples under investigation , ind , ho ence of composition upon the volu 
varied between 38.0° and 55.8 API . { . j ‘ ind pha e behavior of such sy 
The composition of the oil and gas the regions of retrograde con 
samples and their mixtures is submitted : ke rogre " ee lensation was indicated by earlier 
ind it is doubtful if simple 
References given at end of par ' erature. and , rrelations can be established in these 
Manus ree at the offic the Pe — f i ons with the information currently 
eum Branch Fet , i 
lable. The terminology employed in 
paper identical to that utilized 


FIG. 1 PRESSURE, SPECIFIC VOLUME PRODUCT FOR SYSTEM FIG 2 VOLUN ) QUID PHASE FOR SYSTEM C CONTAINING 
TAINING 0.6912 WEIGHT FRACTION TRAP GAS 17 T ACTIC TRAP GAS 


Vol. 189, 1950 PETROLEUM TRANSACTIONS, AIME 261 





T.P. 2950 VOLUMETRIC BEHAVIOR OF OIL AND GAS FROM A LOUISIANA FIELD | 








RETROGRADE DEW POINT PRESSURES FOR SYSTEM ¢ 





TEMPERATURE UPON RETROGRADE DEW-POINT 


RETROGRADE DEW POINT PRESSURES FOR SYSTEM 


FIG. § INFLUENCE OF TEMPERATURE UPON RETROGRADE DEW-POINT 


PRESSURE OF SYSTEM ME AT RETROGRADE DEWPOINT FOR 100 F 
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lable | MATERIALS 


Composition of Trap = ample . The samples of oil and gas from each 
of several surface primary separators 


‘YSTEM--A were obtained and forwarded to this 


aboratory in appropriate pressure ves 
sels. Subsamples were withdrawn from 
each of the pressure vessels containing 
liquid phase samples by appropriate 
displacement procedures involving the 
ise of ethylene glycol. These subsam 
ples were dried by passage through 
hambers packed with granular calcium 
hloride. The samples of the trap gas 
were withdrawn from the primary ga 
containers after the vessels had been 
maintained at a temperature in excess 
f 250°F for several hours. This proce 
lure was followed in order te avoid the 
possibility of the partial condensation 
of portions of the trap gas in the orig 
nal container. The subsamples were 
forwarded to an industrial laboratory 
where the composition of the trap liq 
iid and trap gas was determined by 
ippropriate fractionation analysis 

The results of these analytical mea- 
ements are reported in terms of both 
mole and weight fractions, The latter 
iriable is included because of uncer 
tainties as to the molecular weight of 
the oetanes and heavier fractions of the 
trap liquid and trap gas samples. In 
the case of the trap liquid samples, the 
nolecular weight of the octanes and 
heavier hydrocarbons was obtained fron 


freezing point of benzene 


PROCEDURES 


The equipment used in this study 
ind the techniques employed in the de 
termination of the quantity of each of 
the phases have already been presented 
n the literature.” For this reason 
it is not necessary to review in detail 
the laboratory approach to this investi 
gation. In principle, it consisted of 
ntroducing appropriate quantities of 
the trap liquid into a closed vessel in 
which the sample was confined over 
nercury. The quantity of this hydro 
irbon sample was established from vol 
imetric measurements carried out upon 
1 trap liquid sample of known weight 
The weight of trap gas was established 
by direct gravimetric techniques mak 
ng use of weighing bombs." The total 

lume of the mixture of trap liquid 
ind trap gas was determined as a func 

of pressure for a series of temper 
itures. In addition, the total volume of 
the liquid phase was established 
throughout the greater part of the het 
erogeneous region. This information 
vas obtained by the direct measurement 
f the relative elevation of the mercury 
hydrocarbon and the hydrocarbon liq 
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ind-gas intertace The details of thi lable If 

method have heen der ed 

measurements were carried out Properties of Oetanes a Portion of Trap Liquid Sampk 
peratures between 

ill cases at least three 

tures were investigate 


ses as man is five were 


Experimental data were 
i serie of different ga 
each set of samples of tr 
trap ga An eflort was no 
nearly identical method 
the studies of each set of 
minor chang 
quired but ut 


variation 


DESCRIPTION OF SAMPLES 
bive 


id obtaines 


ition of the vetane 


or il reduced presst 
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sed to determine the relationship of 


able Il the gas-oil ratio to the composition of 
mixture. The methods whereby this 


i¢ m 


Composition of Tank Oi! 
was accomplished have already been 


iescri red 


SYSTEM -A 
EXPERIMENTAL RESULTS 


compressibility factors of tray 
ample 4 are shown in Table IV 
behavior of this multicomponent 
hydrocarbon mixture is similar to that 
eported in earlier investigations.” The 
iformation submitted forms additional 
onfirmation of the possibility of pre 
] 


licting within reasonable limits the vo 


metric behavior of natural gas 


The composition of the experimen 
tally studied mixtures for each of the 
everal sets of samples is recorded } 
Table \ The corresponding values of 
the gas-oil ratio as well as the weight 
ind mole fraction of the principal con 
ponents are included in this tabulatior 
The methods employed in arriving at 
the several derived quantities presented 

Table V have already been de 
cribed The results of the experi 
mental investigation of the five sets of 
mixtures are available A sample of 
these data for System 4 at 40°F i 
hown in Table VI. In each table. the 
pecific volume, the volume of the liq 
iid phase per unit weight of mixture, 
ind the formation volume are recorded 
for a series of even valued pressure 


for each of the temperatures studied 


The qualitative signiheance of the 


sults is already available in the liter 
ire and for this reason only a 
limited number of figures pertaining t 
the volumetric behavior are included 
n this text. In Fig. 1 for System © i 
presented the product of the pressure 
ind the specific volume for a mixture 
mtaining 0.6912 weight fraction trap 
\. a matter of interest the locus of 
rade dew-point state has been 

ited. No significant discontinuit 
thie relationship of the first derivative 
the product of the pressure and vol 
e with respect to pressure is discern 
at dew point. Fig portrays the 
ition in the volume of the liquid 
e per unit weight of mixture a ‘ 
netion of pressure for the same sy 
The nearly linear decrease in the 

e of the liqnuid pha f with in 
pressure for states at pre 

we 1500 psi ts characteristi 


of this Iv pe 


s} the variation of the retre 
dew-point pressure with gas-oil 
shown for System C. Similar in 


nation is presented in Fig. 4 for 
m E. In both of these cases an iso 
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thermal increase in gas-oil ratio cause able LV 
a decrease in the retrograde dew-point 
pressure. The influence of temperature Compressibility Factors for Trap Gas Sample 
upon the retrograde dew-point pressure 
for System E for several different gas 
oil ratios is indicated in Fig. 5. An in 
crease in temperature results in a de 
crease in the retrograde dew-point pres 
sure for both Systems C and E. A some 
what different behavior is presented in 
Fig. 6 for System A. In this instance 
an increase in gas-oil ratio is asso 
ciated with an increase in the retro 
grade dew point pressure but this effect 
is less pronounced at the higher tem 
peratures. Fig. 7 shows that the retro 
grade dew-point pressure for System A 
reaches a maximum at temperatures be 
tween 120° and 150°F for gas-oil ratios 
between 42,000 and 24,000, This indi 
cates a somewhat more complex behav 
ior than was encountered for the other 


mixtures 


The formation volume at retrograde 
dew-point is depicted as a function of 
gas-oil ratio in Fig. 8 for 100°F. In this 
instance there is a similarity in’ the Puble VI 
behavior of the several systems investi Sampl 
gated. In each case an increase in gas 
oil ratio resulted in an increase in for Volumetric Behavior of Experimentally Studied Mixtures 
mation volumes at retr gr ide dew point 
Similar behavior was found at the high 


er temperatures 


No simple relationship of retrograde 
dew-point pressure to the properties of 
tank oil appears to exist for this system 
is was the case for another investiga 
tion” of a similar nature. With the ex 
ception of System B all of the forma 
tion volumes in the heterogeneous re 
gion can be related to the prevailing 
gus-oil ratio, temperature, and pressure 


by the following expression 


{r7 
P 


(1) 


The values of the coethcient 4 are pre 
sented as a function of temperature and 
pressure in Table VII. It is apparent 
that there is but little ur on in this 


constant with change in ssure and 


temperatt Equatio hould not be 
perature. Equation | ld not he Fable VI 
employed at gas-oil ratios below 5 Mef 


per bbl since large discrepancies are Values of Coefficient 
encountered at the lower gas-oil ratios 
The data for System D which were lim 


ited to gas-oil ratios below 1.500 ecu ft 


Ax 10 


per bbl were not employed in the estab 
lishment of the coeffi ut f Table 
Vil These coefficients ay vy only to 
systems of the same ge type as 
have been studied here. However, their 
magnitude is similar to such coefficients 
found earlier The ability to obtain a 
simple correlation over a wide range of 


gas oil ratios te mper ature and pres 
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ures for the four systems investigated 
indicates a similarity in behavior. The 
average deviation of the values of the 
coethcient A for the several «ystems at 
i given pressure and temperature was 
0.057 The maximum deviation encoun 
tered was 0.13 at 5,000 p wt 100°F for 


Svetem 4 
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CRITICAL ANALYSIS OF THE EFFECT OF WELL DENSITY 
ON RECOVERY EFFICIENCY 


W. O. KELLER, KELLER AND PETERSON, MIDLAND, TEXAS, MEMBER AIME, AND F. H. CALLAWAY, STANOLIND Oil 


AND GAS CO., TULSA, OKLAHOMA, JUNIOR MEMBER AIME 


ABSTRACT well it proj , in engineering problem Different 


t answer to this engineering problem 


The various theories as to the well spacing-re the wide difference in opinion among 


» -viewe : S . . . thesx« ' 
tionship are reviewed in considerable detail and t! the industry as to optimum well spacing 


: ome ' siste der 
analyzed in terms of their consistency with m« onfined to the engineering problem of the 
engineering concepts. It is concluded that the we well density and ultimate oil recovery; eco 

, > . . s a4 > eff 
problem must be analyzed in terms of recovery ns necessary for the evaluation of optimum 


that a positive answer to the relation between well particular field will not be discussed 


recovery efficiency is not available from direct 


the production histories of wells and fields ; 5 n be logically divided into two parts. The 


itieal examination of the background 


The results of an engineering analysis designe tler Rule and of similar studies by other 


. > »f * “ tor + 
ipproximate calculation of recovery eft lence ! t ' nd t 1 well spacing concepts It Is indi ated 


of well spacing in a depletion type reservoir fror recoveries with well density® ohserved 


voir data is presented. Results of this type analy licat ; , ! others can be logically attributed to regional 


that the effect of well spacing on recovery efhicier ley) gratio } retica istification of the Cutler type relation 
tion type reservoirs can be expected to be very jations in recovery with well density in 


tions of this approach are pointed out, part buted to variations in recovery efhiency. 

respect to its application in lenticular reservoirs terms of energy relations. is refuted 
Testing techniques are outlined which sho lici ond part consists of a review of concepts of reser 

whether or not a reservoir is continuous betweer yard to the well density-recovery rela 


whether or not satisfactory drainage is being « f ! ' ndicated it little variation of recovery efficiency 
present spacings. A mass of data of this type be expected in a depletion type reser 
tinuity to exist in most fields t inle lenticu r conditions prevent communication 
gnificance of field test data with regard 


, c existence of lenticular conditions is 
INTRODUCTION 
The purpose of this paper is to review critica ig 
neering ispects of the well spacing sroblem Preat t! ah . ‘ _ * , . 
I I I THE CUTLER RULE? 
standpoint of certain concepts and from the st t of 
reservoir mechanics. The well spacing problem i ul The t lished article concerning the engineering as 
conomic problem in which the optimum well ce . ect f the well «: ng problem to receive wide attention 
particular field is that density which will yield est ’ the work of itler of the U. S. Bureau of Mines 
ul recovery consistent with justifiable developr t t ed } dy of decline curves from a large 
well spacing answer in terms of economic condit 
is extremely sensitive to the variation in reco efe to the number 
li eal Socniie The seetitnh te tendons off stall t t h we in nifor ’ pattern, and is ex 
I itilized to denote 


well pattern 


mechanics 
en the 


ne reservoir behavior 
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number of fields, Cutler observed a variation in physical recov 
eries of wells on tracts developed to different densities in th 


same field. He analyzed, with regard to the well spacing rela 
the recoveries of tracts drilled to different well densitic 
field field 


These data consisted only of examples which apparently sat 


thon 


in the same including data from seven separate 


fied the following requirements 


l The wells being compared had approximately the sa 
initial productive Capacity as exhibited by the first year 


production and were completed at approximately tl 


same time, in areas of approximately equal pay thickne 


I he 


offset wells as indicated by changes in the slope 


wells being compared exhibited interference 


cline curves of old well upon completion of near! 
wells 
From these follow 


tentative rule 


lata was developed the 
for 


comparative 
The 


interference 


ultimate production wells of equa 


where there is 
directly as the 


The areas drained by the wells 


seem approximate iy 


roots of the areas drained by the we 


square 


is considered to be the area 
of the tract in question divided by the number of wells on th 


per acre 


tract in short, the areas attributed to those wells 


can be restated to the ¢ 
should be 


drained by 


flect that the average recovery 


inversely proportional to the square roots of the 


All the exan pole 


ipparently were depletion tyy 


(attributed each well 


Cutler d 


area to) 


represented by ita 


gas drive reservoirs which were produced at unrestricted rate 


It is 
density 


that \ ition in wit! 


attributed to 


apparent recoverte 
observed by t t t be 


both of two factor 


either 


l. Regional migration ite t as of closer 


2. Higher 


closer 


recovery eff from beneath the 


spacing 


attributed to variatior 
that Cutler's Rule 
total recor 


If the variations in recover can be 


recovery efhiciency., then it follows 


held-wide ba with regard to 


If the 
rule 


applied on i 
field 
the 


from the variation in recovery is due to re 


migration cannot be applied on a field-wide ba witl 


Although the 


the « 


regard to feld-wide recoveric rule itself make 


ho provision with regard to ause of the observed var 


tion of witl 


his 


variation in ree 


recovers well density. it is apparent from Cutler 


justification of rule relations 


attributed the 


n terms of energy 
entirely to a varia 


light of this 


overy 
efliciency. It is the 
Rule has been 
' guide te imcreasing oil ret 


itler’s 


recovery 


the Cutler 


interpretat o 
rdvanced by advo ite ot 
overies An ¢ 
basis 
well 


efficiency 


spacing a 


tion of ¢ justifie the rule on the 


the 


ition of 


relations, wherein with 


is attributed t 


Variation in recovery 


variation it recovery 


spacing, indicates the tification to be invalid 


irate grounds 


1. Linear flow principle were itilized, where 


conditions actually apy ly 


2. Energy relations themselve ire incorrectly applied 


\ quantitative evaluation ot the severity of regior il n 
thre ant 


Rul 


regional migratiot 


densities in 


by ¢ 


between tracts drilled t lifferent 


indicates that the behavior reflected itler’s 


easily be attributed entirely to 


Cutler's justification, on the basis of energy 
his opinion that the observed differences in re 
be attributed to a efh 
“This 


me h Arie il 


variation in recovery encyv ms pert rn 


most clearly stated in h own words (tentative 


seems to rest the fundamental law tl 


270 


on 
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ILLUSTRATION OF ENERGY 
CHAMBER A, DIS 
TO OUTLET C 


FIED FLOW SYSTEM FOR 
INSISTING OF CONSTANT VOLUME 
THROUGH SAND PACKED COLUMN 8C 


either liquid or ga 


ix proportional to 


ce as tar throt gh i 


pipe line 


theory, doubling the 
oil be 
the proportion of gas 
irally be 
halt 


ng to this 


stance the must force 
energ 
¢ tpecte 

the degree in 
which accords with 
ibove. is unsound 


assumed t 
flow It 


oir was 
line it 

overyv efficiency is 
reservolr 

ng flow throug! nur 
The 

repre by paralle 

ivailable for 


repre 


line has been pointed out repeatedly 


geometry nd is 
constant cross sectional 
radial in 
paths and 
Differences 


haracterist ot 


near geometry an is 
} ] 
g flow varying sectiona 


flow between flow and 


linear radial flow 
the con 


Dare y I 
has been 


Mines 


well bore dia 


onstrated quantitatively by parisor 
form of th 
This 


S. Bureau of 


adv state yuatior 
done by 
who show 
gs and neters 
' 1”? r ; 


i nine “ « per cel I 


{ energy consumptior i linear 


isonin the tlow resistance 
sar 
alone 


ndicate 


pattern 
hould 
he ipproxi 


dat 


vd the 


itilizing linear flow principle 


relations relie 


energ 


that recovery efficiency is inversely 


util zed in flow resist 


overcoming 
His reasoning represents essent ally 

which the potential expansive 
is equate 1 to 


oil to be rec 


1 reservoir fluid 
barrels of overed 


of the 


flow stem per barrel 


recovered 


itilized bbl te ov 


rock 


per 
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I or any particular . the relative volume (ve) is a function 
F u he rat f change of energy content of the sys 


ssure ts expressed 
Phe energy balan e so written is ine omplete { 


tions erroneous. It fails to distinguish between en: ! i [> f' 
/ 
sumption within the system to overcome flow resist nd per 


J 


total energy removed from the system, i.e. ener 

Energy content of the produced fluids after the 

well bore lias been ignored completely and tacit! represents, of course, the energy void 
be zero under all circumstances. If we let H 

ontent per bbl ot produced fluid after it reac he thie \ “) ; yate it anit | ressure trop and is expressed 

the corsect equation may be written . inction of the volume of the system, the pressure therein 

rr E) VE HW) ire-volume characteristic of the contained fluid 

F d within the system can be described in 

where subscripts 1 and 2 refer to initial and t ter of volume of the system, the pressure therein, and 


racter ol 


conditions, respectively. It is obvious from tl ! o pre cl t atic the contained fluid 
hat the recovery efficiency from a reservoir ca 

uated in terms of the energy utilized to overce 

sistance in the system and that Cutler's logic 

by Equation 1, is invalid 


The true significance of energy relations 
reservoir becomes readily apparent upon app! 
energy balance between the fluids remaining in the 
and those produced. Such an analysis indicates t! 
cannot be expected to be directly related eithe: 
content of the reservoir fluids or to the mannet 
energy is utilized. Consider a constant flow systen 
illustrated in Fig. 1. which will be assumed t& it 
homogeneous (single phase) compressible fluid g if ! 
or an under-saturated crude oil. Fluid is being produced iso 
thermally through a sand packed tube, BC, to 
by virtue of expansion of fluid within the chamb. 
sents the energy voidage from. the 
volume of fluid contained in the flow channel 
considered to be negligible. The energy content f ; P ( ' 
roduc 0 ” th “Vs ! a 4 unction 
at any time in its depletion history may be writter production s70m She sytem , 
nz in the system and the pressure volume 
Vie Vis ‘ cteristic 1e contained fluid. Note that the energy 
y 
pdt pdt } \ ) production is entirely independent of the 
ystem, the number of outlets, the flow 
J 1 
of the withdrawal system. or the rate of production 
expansive energy content of fluid 
the system, ref it t } e of the system per unit production must 
he system, eterrec Oo atmosphert 
terms of the energy consumption of the 
ol tmos e con on 
volume, at atmospheri onditior i the energy content of the produced 
tained in the system , 
t production. For a system containing a 
pressure 
relative fluid volume, at reservoir 


ferred to volume at atmospheri 


volume of the svstem ! | tes t ! y ge per unit of 


Pable I 
Effect of Regional Migration Upon Recovery for Various Spacing Patterns 


Case ] 4 } + 

Recovery -Bbl- Acre for 10-Acre Development 12 8.58 6,685 5.520 
Recovery-—Bbls/ Acre for 20-Acre Development 

Recovery—Bbls/ Acre for 40-Acre Development STE , 2,545 2.534 
Recovery——Bbls Acre Average 5 y 3,926 3.927 
Recovery Ratio —Close to Wide Development ; Lf 098 2.626 2.099 


Recovery Ratio-—Required by Cutler's Rule d 414 2 
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CASE | CASE 2 
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RECOVERY - THOUSAND BBLS / ACRE 


CUTLERS RULE CALCULATED RECOVERIES 


VARIATION IN RECOVERY WITH WELL DENSITY DUE TO REGIONAL MIGRATION FOR VARIOUS SYMMETRICAL SPACING PATTERNS 


duction ts always equal te t { the quantitic ind “ trated i | Actually, the energy to be 


bout that the va ue « either he consequence to tl tot ! per production at any particular 
energy voidage per unit production, which is uniquely related x t quation 7, will determine the maxi 
to pressure and fluid characteristic The energy voidage t ‘ tho luids can be produced The maxi 
not be changed by altering the quantity of energy it f te trom the svysten lustrated in Fig. 1 will exist 
Vercotie flow resistance such will only serve to alte r by ¢ the Tle es ! is T sphe re and the energy con 
amount the quantity of energy t ” produced with the i t t i 1 fluids s equal to zero. The total 
at the outlet of the svsten 


will then be utilized to 
What. then s the signihcance of energy relations 
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generalizations developed wi 
voidage per ul ; : ill. ‘ ? ‘ é to t t t « for a homogeneous fluid system 
maximum rate at which th t an | ro : x | V 1 the reservoir and the well 
partic ilar j ; j ne ‘ ¢ rvoir when applied specit 
ner unit produ | for termin t servoir fluid which would exis 
fashion . eal cosit dimensior 1 pheric conditions. lt follows that 
system. the mz im p reir ticular time in a depletion type 

stem. It wi o wl I ‘ t be altered except by altering the produc 

recoveres t extraneous fluids 

ywical explanation for the 
! others between recovery and 

field is regional migration 
placed upen his data witl 

of approximately the same 
the same time, in areas of 
interference existed between 
gration from the ireas of 
; - spacing is inevitable. The 
ptt ely ' m f the ‘ | be subject to more rapid 
ed the 2 ae i secre foot of pay and will 
pressure decline than the 

tuation can only result in the 

around the areas of dense 

rround the less densels 

ult in migration from the 
is of wider spacing 
migration upon the 
different densities ir 
many writers, ine luding 
least part of the increased 
drilled tract must be 


quantitatively the effect 
herein twe 


varving well densities have 


o-exist and are produced sin 


reservoir conditions, These 

a ae etior ype o1 reserve 

| IX geometriu al conhigura 

two components " 
| { ities representing portion 

3 Reservoir conditions un 

exist in the 

| to be identical in order 

yotentia expansiy 

| : : Cutler strove to find, and 

thre Wypuld 

svared to th } port 


¢ pacity until a limiting economic 
The potential expansive « 


pened to production at the 


was reached, The pert 

if thre 
ived bv a step-wise solutior 
depletion drive behavior i 
luction and regional migra 
Since regional migration 
geometry i neat imple 
int for insertion im the 


ittern which the migr 


of the ' 


the assumption that 
well spacing will bee neg 
recovery as reflected 
gration The resalt 
2 and in Table | 
lated values 
straight lines solely 
the line repre 
spacing patterns Fig 
ind migration as a function 
variation in per acre 
m alone is 
PRODUC.NG RATES AND MIGRAT that predicted by 


PATTERN ILLUSTRATED IN CASE 5, Ff ‘ ision that the well der 
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recovery relation observed | r and 
held recovery comparisons x very 
from migration alone even were ho variation 
ery efhciency with well der 

Consideration of the var ! ut work in the 
calculations points to the « ision that the effes 
magnitude of the permeabil of the rock, toge 
factors. suctl is Viscosity v ch determine the 

ndex of the wells. will not et appreciably 
erties tor a@ given geometrica rangement 
to be expected because tl 
ibility of the wells to pr 
the oil to migrate It ’ et iny reasonable 
depletion type reserve ons inder the spe« 
quirement of simultaneco wel ompletion, unrestt 
duction unilorm permeabilit porosity and pa 
would yield relative re rit or the geometri 
inalyzed « the same rad magnitude as those 


Fig. 2. Under otherwise f onditions artificial 


of producing rates would lluwables were or 


basis, increase the sever gration, the per 
ipproaching equality p t recoverie nvet ) . . . , . 
MPA F TE AN JINSTEADY ATE PRESSURE 


tional to well density wables were ve és 
SYSTEM PRODUCING A SLIGHTLY 


ever, artificial restriction I wables 
AT EQUAL RATES 
would prevent migration 
perval; mig tion would be 
ind total migration overt 
The preced ny considet 
iriation im recovery wit! 
be attributed 
Rule cannot in evaluatu 
The explar ath Variation im 


lifferent 


well ce 


PRESSURE ANI IL SATURATION DISTRIBUTION 


AT ABANDONMENT. K = 15MD 


Tomlinson 


vanEverd 
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tule would mest assuredly have 


+ analysis 


WELL SPACING IN TERMS 
OF RESERVOIR MECHANICS 
t twee well density and recovery efhciency 
t being isolated by means of intra 
tical limitations, the relation ha 
developed from field-wide com 
h does exist must have some logi 
ervoir mechanics and should be ap 
f fluid displacement from porou 
of the currently accepted con 
id displacement in porous rock 
the behavior of oil reservoir 
variation in recovery efhciency 
ALCULATED VARIATION IN RECOVERY EFFICIEN TH A ‘ t to be expected. The results of a quantita 
WELL DENSITY ‘ t ir set of depletion tvpe reservor 
the variation in recevery efhciencs 
emely small. Consideration of the 
that the same general situation 


easonable set of de pletion tv pe 


PAINT 


that the reservoir is continuou 


m between well density and 
ction of the saturation distribu 
ge radius at the time the well 

the well spacing relation can 

terms of the saturation distribu 


Co eee ea ae 


ct to distance from the well 
distribution in a depletion type 

t the entire production history of the 
rigorous reproduction of the en 
tem of finite dimensions pro 
nvolves the solution of a nor 

ich complexity that it has not 
possible, however, to repro 


on histerv of such a «vst 





onditions in such a systen 


set of simplifying assump 

tv pe have been advanced 

iltthough slightly different 

it approximately the same 

SATURATION DISTRIBUTION AT ABANDONME? , iM besed upon the propesitic: 
CONDITIONS t the t ‘ ‘ i! in be reproduced closely 
teady state utilizing the 

hy Muskat ind other for 

the Darey equation. Actual 

iction of a series of steady 

time as the reservoir as a 


regard to distance from 


idial flow system 

oceurs in the in 

ind wherein the bulk of the 

the outer boundaries of the 

! he composition of the 
lepletion tvpe oil reservoir and 
mnditior be relatively constant 
xtreme radius of drainage and 
composition of the produc 
which lies near the outer limit 
eneralization is derived from the 
ch most of the produced fluids 


JLATED VARIATION IN RECOVERY EFF 
WELL DENSITY AND PERPEABILITY 
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riginate il irea «of ' I ire gradient 


depletion drive theory for vanishin pressure 


expected to hold very clo g. 4 The area 

bore, where large pressu gradients exist, contr 
little to the well efflux , primarily to transr 
produced from outlying ¢ er Saturation 

ireas near the well be 

much greater extent by tl 

lying elements than by t 


pressure gradients 


Calculation intended to « ibandenn 
distribution, based upon pp natior 
gas-oil ratio throughout the d ige radius a 
pressure and saturation ¢ Litie n the outly 
have been prepared for two cular sets of reservo 
tions. The permeability « wk was taker 
lidarevs in one instance 1 300 millidars 
other reservoir factors ¥ t } ‘ nm 
The economic 
wa asstulte 
thes« cak ilations 
represent the 
tion at an abandonment 
well per day for the s« 
15S) millidarey Abando 
small and the recove 
ill distance trom the well 
e immediate vy 


gradient 


exist 


n need 


An analy 


lonment 
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PR 4™ QUARTER 
ne wt 


F OLDER we 
ETION PRESSURE 
RE OF NE IN INF AREA 
RAINAGE T ER WELLS « 4586 F 


oor w 
a wt 


i MPLETION GAS-OIL RATIOS OF INFILi 
10 —~ COMPARISON OF COMPLETION PRESSURES ATES WITH 4 AT OF OLDER WELLS IN A DEPLETION TYPE 


DRILLED INFILL WELLS AND OLDER WELLS — FIEl SERVOIR — FIELD A 


he ipplication of depletion drive theory to act depend preponder intlhy upon the 
rocks has been questioned by some, due to the fa na \ dition veculiar to that well. It is 
rocks are not uniform with respect to permeabil t id t the recovery efficieney in a water drive 
assumed for quantitative caleulati ‘ ’ end erably upon we Il location; strate 
expect however, that if the recover t t top of the reservo or ot 
iry appreciably with distance from the ‘ il for maximum recovery 
inv reasonable set of conditions of unitern 
porosity is indicated to be the case). the 


recovery ethiciency in a heterogeneous system w CONTINUITY 


ippreciably for any particular segment of rock t of well density upen 


t ‘ tre y | ho? 
ance trot i well bore sitions in well density is 


The well pacing problem i water drive re ‘ U i ince it is obvious that 


great concern as in de I A ! ‘ il in a lenticular reservoir 


reservoirs due to the superabundance of expa t t roblem in a particular field 


not been the se of as 


ind displacing fluid furnished by encroaching wat of determining whether or 
drive reservoir is ordinarily ehandened wha Fortunately. engineering and 

reaches il economir ally limiting V alue eld —F poset ve answer a6 to 
Say Vest depends spon the inhi itv tn most reservoir 


reservoir at which limiting water-oil rativ t f ‘ of continuity between 


iation in recovery efhciency wit! water drive exists. The 


ist be th l 4 reaching the limiting wate flux in terms of pressure 


1 i , if 
lifferent average oil saturations with different ntinuity and freedom « 

1 ~ or 
There is no reason to believe that the variat spats 


eficiency with well density on 4 unitiorn , t ! t resence of absence of con 
ippreciable; however, abandonment oil saturati« certain specialized testing 
with respect to distance from the well bore na t , ! et or indicate that the pressure 
reservoir cannot be sensibly generalized in tert ea ould very closely equal to 


mechanics, due to the fact that abandonment « ttor " ' wv current! 
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producing wells. Furthern 
oil ratio of an infill well 
wells will be of the same 
same time in the older 
tivity should be approx 
infill well into an area 
wells for a considerable 
opportunity for obsery 
existing in the inter-we 
not the inter-well area 


old produc ing well 


If an infill well betwee 
pattern exhibits a pressure 
reservoir pressure, that fa 
the inter-well area has 
wells and that 
additional wells can 
tional oil. The exact nt f addition 
cannot be evaluated, | t deper 
number of previously 1 lentil 
happens to penetrate 
If, on the other har 
pletion exhibits 1 botte 
current shut-in bottom 
if the gas-oil ratio an 
the well are imilar te 
ably be concluded that tl 
the same stage of depleti« 
wells The inter-well are 
drained by the offset 
iltirnate recovery Cal 
imply deplete reser 
beer depleted by the 
otherwise have been re: 
pacing The produ tivil 
he of the same magnitud 
older wells and con 
early completion 
must be used with « 
itv and pay thickness 
of transient conditior 
stabilized. Fre qyuie ntly 
iderably better in a n 
n productivitie whicl 
iM pressior ™ veral eXa 
initial con plet on pre 
tivities of the type requ 
uity exists between well 
12 and in Table I 
Continuity 
letermined 
Wwessure mea 
vy produc 
well during t 
n the shut-is 
fluids iway tro 
ing wells. The 
1s dependent upon the | 
well to reach maxin 
rate of reservolr 
time required t 
| h ‘ 


where lig 
expansibility of the 
saturated reservoir 
sufhcient time for 

mheasul able imount 


misinterpretation 
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Ivsis of Oil Productior 
1 Fault Line Fields of 
1939 
\ Factual Analysis 
overs {Pip 


rwald, “Optimum Oil-Well 

P . 1945 129-43 
The Effect of Well 
from Internal Ga 
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and W. | Kieschnick 
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Drive.” AIME Trans 


Sp culation 
ontinuity between wells 
extremely risky 

APPENDIX 

vution around a well bore i 

CONCLUSIONS tro which recovery efhiciency as a 

evaluated, was approximated 

Th methods of arriving at 


e chosen upon the basis of the 


TES kOe ae 


clusions ippear to tt 


) ciab iriati 
ippreciable varia which it was concluded that 
of 

stream (liquid and vapor 





-pacing in tert 
history of the svsten 


erved variations in actual 
between different leases in 
the extreme radius 


ittributed largely to re gional mig 


rison of field-wide recoveries, thoug! 
| ‘ Mmipositie it the extreme radiu 


Con par 
i fundamentally sound approach hi o - 
tL the nay of the system can be 


i positive answer to the well spacing stir 
, te | ted t depletio * concept ie 
+. Consideration of the principles o oil pletion-drive concey d 

. ! t ! pressure gradients exist at that 


that the variation in re 


tv will be very small for cont 
t | I be derived as tollow- 


mcing problem im mo. ‘ 1 
whether o t { reservoir rock 
planned and ¢ 
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Oil And Gas Developments In Arkansas 


During 1949 
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Union County from multaple zanes. The 
i terraces or the high 
drilling in South Arkar fields extend along 
important new oil produ 


Murphy and Co. 4] Gregory, a 
+500 ft in Sk 4 Ser 49 approximately 7 large drial 
ion County, » very ested in South Arkansas 
i. The other 7. es * t Y a ‘ i i ‘ rings the total to about 283 
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Cret aceou were discovered during the year 
ag, Vuachita County. The field 
southwest Side »f two closely 
throw the northeas prod 
year from multiple zones, namely: the Na 
and Tokio ands Lpper Cretaceou and 


nti i ands in the Glen Hose and 


the center 

Rk. 19 W. It wa 

about 40 ft below the Buc 

asing was perforated from 2,150 to 2,21 
production from the thin Buckrange s 
the first Blossom sand and the well 
bbl of 29.6° gravity oil per day. Th 
was producing in six additional well 


year. These we iS aiso were ompieted itn 


range and first Blossom sands and pumped init 


and 40 B/D. Thi leve lopment extended ¢ 
area on the north side of the Wesson Field we 
one-third mile onnecting 1t with the old Fa 
Field which has produced for many years from the t : uthern Union County 
and Buckrange sands. . ‘ i i during 1949. The field 
rt on the upthrow (south) 
A new productive Hosston sand lens wa f . , irom numerou mall thar 
April 12, 1949 in the recompletion of McAlest ' é t f ighout the thick sandy shale 
#B-2 R. W. Wesson located in the center o | | i ch formation (Upper Cre 
SE % Sec. 24, T. 15 S., R. 19 W., drilled d i re productive spots are due to 
The former perforations at 3,268-90 ft were ’ pf aty and pomneeber sty, - the sand 
the casing reperforated at 3,222-32 ft o ‘ ent . re drilled in the fieid during 
reservoir from which oi! flowed at an ir { ‘ were t producers at varying depth 
B/D through a 14/64-1n. choke; tubing ! at the Nacatoch formation. The 
ween two and |4 /D. Four of 


xk Oil Co. in Sec. » Bas ie 
The Wesson Field consisted of 33 wells pr roductive area three-fourths mile 
7 ' 
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Sm ackove formation (Jurassi¢ sole producir two producers were completed 
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tone Jurassi wi 
north and northeast I t . ayette County, producing 


ome t ime calle t , a on I ast-west anticiine tror 


which 4 less than twe U t , ne . ic) was extended more than 
a domal anticline extend) ‘ h the completion on May 4, 1949 
t right angle to the usua ‘ ‘ #11 Bodeaw Lumber Co. located 
Smackover limestone fields. Nane producer wt t t { the SE corner of Sec. 28, 
in the Cairo Field during the year at vary be I rous Key J oolite of the 


t 


ween 7,740 and 7,883 ft, low: itial pped at 9,1 ft and the well 


B/I gravity 36-39") trom the Heyn zo at an anatial rate of 112 bbl 
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the other a single ampletion. They extended ’ i eniarged the productive area 
slightly on the north and south sides. Comp|« bout ne-! { it 1 in the central part of the 
rds of the three wells follow 
One of the dual campletions, Arkansas Wester 
#1 Huggins Estate, 1,320 ft S., 1,320 ft W. of ¢ 
of Sec. 15, T. 1ON., R. 27 W., drilled during Mar 
bottomed at 3,784 ft. The casing was perforate 
the higher of the two gas sands at 2,540-65 
yielded initially eight Vencf per day through the 
The casing was perforated opposite the lower : KN EDGMENTS 
3,700-76 ft and the initial output from thas zone 
Mncf per day through the tubing. The well enl az 
proved productive area one-half mile northward ibout e Oral er ) acknowledge assistance re- 
the center of the field. ved in th at ») of this review fram members of 
hl and Gas Commission, namely 
The < ual producer completed in 7 r ! r Danforth, Acting Director P. M. 
We sterr o. #1 Guy Patrick, located 66 , . McLaug! ‘ juth Benton, Eunice Murphy, Irene 
ft north i the enter of Sec. 2 I 19 N ! ’ —_ al rs, G. E. Goodwin, KR. A. Dumas, and 


was drille ,241 ft deep during October. The pe t K . draftsman for the Commission, who drew 
the two ga ands produced through the annulus naps st in the compilation of Table 1. 
forations between TRA and 2,798 ft, at an init st i . ; t mation received is also gratefully 


<» 
of two Mncf per day. The lower sand produced t} ’ é ] Dens RK. P. Evans, W. T. Leask and J. D. 
tubing from perforations at 3, 140-72 ft, yiel ) I the gec gical and scouting departments of 
tially 13 Menef of gas daaly. I ‘ J. May, engineer, Haynesville Operators 
Kartell, geologist, and S. S. Lacy, Jr., 
The ingle completion was effected er and , , M Fuel Co.; 5S. G. Branyan and C. BR 
Apperson #1 Whittson, 1,320 ft east 66/ th I rer le, ' rs, Carter Oil Co.; D. W. Canfield, 
southwest corner of Sec. 28, T. 1ON., R. j t nc ir ?. W. Lewis, scout, Phallips Petro- 
in February, 1949 to a total depth of 3,31 I um ( | pson, geologist, Pan-American Southern 
casing was perforated opposite the gas sand 
ft, and the initial output from this zone wa 


at 7-1/2 Mmcf per day. 


, geologist, C. H. Murphy and Co.; 
engineer, Arkansas Western Gas Co.; and 
hs Ft matt (ya (a. 
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Oil And Gas Developments In North Texas 


During 1949 


The North Texas district presented ian this 
ludes the counties of Archer, Baylor, Ciay 
Denton, Foard, Hardeman, Jack, Knox, Montague, 
Wilbarger, Wise and Young. It corresponds with ¢ ratar st i * Year The lo 
Railroad Commission's District 9 and includes Dent ‘ F itv a uly t tof t » plants are sh 


W area { whic? 


Wise Counties transferredto the district during 
Table 1 conforms with the nomenclature of the fie 
jesignated by the Commission. Most of the oa] and 
duced in this region, generally referred to as PRODUCTION 
River uplift, comes from the Pennsylvanian st | 
recent "ars however, increasing amounts a strict ¥ amounted 
developed »th the Mississippian and Ord P veal Continental 
Phillips Petroleum G 
t of the year’s otal 


DEVELOPMENT DURING 1949 


There were 2,715 wells drilled during 194 


of 373 as compared with the previous year. Appr 
to 49,110,654 bbi 


Dut with an average 


60 per cent of these tests or 1,52] were complete * 
with a combined initial production of ' . " @ 
179 as dry holes. The 1 t ! . — , , 047, BE BD! 38 

1 A t { rease of |, sé The cumulative production 


15 as gas wells and 1, 
the year’s activity is shown an Table 
new oal fields or extensions to the establishe t the se of the year 
1!) wells, of which number 


production were discovered, The combaned initia 
tion of these wells amounted to 25,467 B/D. OG , a were pumping 
tion of the new fields were given a name by 
lature Committee of the Texas Railroad Comm ssi 
gives the location, name and initial producti 
of the new fields as designat by the Commss: 
the discoveries not allocated are hown 
‘All Other Field and an the county in 


1 
Located 


IRDOVICIAN -ACTIVITIES 
mewhat avated at the 
A total of 7] wells tested the Ellenburge i ‘ f 194 ira ' erations continued brisk 
Seventeen were completed as o1l producers w 1 f ° at t t ct that the market price 
baned anitial production f 4,114.27 B/I | fia f t yerator @ fair return on 
plugged back and completed as producers 11 
{ 


and 45 were dry The location of these weli 
tabuiati in Table 6 
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Start of the Korean War 

A first-hand account, from an AIME 
member, of the first few days of the 
Korean War 
dent of Seoul was received late in July 
The writer, Don L. Carroll, was for a 
time associate editor of Oil BW eekly, and 


recently has been with the Oil and Gas 


as experienced by a resi 


Division of the Department of the In 
terior. He member of the ECA 
mission to Korea. His wife, Catherine. 


was a 


and children were with him in Seoul 


when the war started 
“My first 


early on 


ntimation of trouble came 


June 25 


Sunday afternoon, 
when | was called to the Embassy and 
told that the North Korean Army had 
crossed the border in force, 30 miles 
away. While this was the largest scale 
operation yet reported on the border, 
told that the South Korean 
forces would undoubtedly them 


back to the 


they 


we were 
shoo 
north within a matter of 


hours, as had done repeatedly 
before 
“As a precaution, we were advised to 


make 


and to make plans to destroy 


initial preparations to evacuate 
do« u 
ments correspondence and records, in 
case the situation should become more 
told 
pack 


hand luggage and secrete our most val 


and 
children to 


returned home 


and the 


serious. | 


Catharine 


uable possessions in attic and basement 
the ofhce 
instructed by 


corners. | then returned t 


and sorted my files as 
the Ambassador 

“The evening news was encouraging 
at the front 


reported that the enemy reconnaissance 


and our military observers 


forces had been stopped. During the 


night. however, enemy infiltrations suc 
ceeded in cutting communications be 
Korean Army 
fusion began to develop. By 
Monday the 
trated to 
the Ambassador 
evacuate wives and children to 


the 


and con 
2:30 
had 


miles of Seoul, and 


tween units, 
a.m 
enemy forces pene 
within 17 
order to 


Ascom 


issued the 


thout halfway to Inchon 


This 


Seoul 


port at 
from 
eventual full 
evacuation of all Korea 
By 6 p.m all depend 
ents had been placed aboard the Nor 
Reinhold im 
blankets, water, ete 


assured easier evacuation 
itself in case of 
Americans in 
ot the same dav 
wegian freighter Inchon 
harbor. ¢ 


were loaded aboard and the ship sailed 


rations 


for Japan an hour later. Fighter planes 


had sent over from Japan to 


been 
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JOURNAL OF 


cover tle 


the shiy 


peration a 


This ; ection was ne be 


essary 
cause ( planes had been straf 
ing Sex on, and the airports at 
nearby Yongdon 

of the Red 


Seoul alte ud seen my 


ne plane 
brood 
and had returne 
packing for 


The plane } 1 just shot up the 


aboard t 
to do some hasty 
miles 


three 


dong px the I it 
our hou then come 
town at with guns 


to watct 


away 


noted tl 
oft fire 
root I 
packing some enthusiasn 
finished 


allowed » i for a potentia 


start toward 


night s 
that ol tive her was called 


thor 
minal 
with 
leun 
access 
large 
heen tar 
“By ¢ 


was 


duri 
were 
noont 
descet! 
rupt ti 


md 
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as followed by EDWARD H. ROBIE 
Secretary AIME 


the active interest of our own F-80 
hghters 

As the above group were being as 
sembled at the Embassy, | was told that 
because of my family status I 
eligible to be included, and that I could 
leave with the group ‘if I insisted.’ Soe, 
I stayed on the job. By 9 a.m 
Reds had moved up to the 
outskirts of Seoul, and with tanks. Since 
the South had run short of 


immunition, had no antitank guns, and 


Was 


Tues 


cay, the 
Koreans 


no effective staff control, we knew that 
we must now take it on the lam, as it 
More 
quested from Japan, and at 10:15 a.m 
we took to the 
with the planes at Kimpo. During our 
last Seoul, I 
«winging sledgehammers at the 
We wrecked the radio 
telephone exchange and message cen 


were transport plans were re 


busses to rendezvous 


team 
Em 


station 


hour at joined a 


Dass 


ter, and completed destruction of files 
with incendiary bombs which we set off 
in the 
lot 


piles of papers in the parking 


| remember thinking at that point 
that I would feel much more like being 
evacuated if | could only have a show 
feet 
children insist, | am an 
Even so, I had the situ 
ition right in the hollow of my head 
level of the hole that 


er. | was practically out on my 
since as my 
old man now 
ust up to the 
penetrates it 

1 did get the shower though A few 
motor convoy 
headed for Kimpo. I 
bullets Yak 
fighter that buzzed us right on the main 
No one 


Koreans on the other 


minutes later after our 
got underway 
from a 


was a shower of 


lrag in town was hit in 
onvoy, but side 
of the were like 
grass. We had expected to be attacked 
is we were making the slow crossing 
of the long Han River 


-outh edge of town since it had been 


our 


street mowed down 


bridge at the 


ummed with refugees for hours, all 
heading south. It required 20 minutes 
the which 
we began to breath abnormally again 


‘Five 


inother Yak bearing down on us from 


to negotiate crossing, after 


miles farther out I spotted 
traight down the read. He passed over 
us at about 100 ft as | emptied my .38 
at him, hoping to ruin his propeller 
He didn’t fire 


i single shot at us, probably because 


ind force him to crash 


he had used up all his ammunition in 
hooting up Kimpo. We were all thank 
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ful that he had 
“By 1:30 


pe ared over 


Kim pe 


hghters 


beaten 
p.m 
Kimpo 


or 


our owt ip 
work 
iasing all 
enemy aircraft miles of the 
spot. Lots of planes, lots of action, and 
lots of but be 
cause of The transport plane 
came in promptly after the had 
by 4 p.n wert 


Japan 


t to 


nad ‘ 


shooting down cl away 


within ten 
noise, poor visibility 
‘ louds 
way 
and we 
to 


country at 


been « leared 


very 


which is a 


oft 


on our way 


beautiful the end 
June 
“IT have been told that Tiff 


distinguished himself 


(apparent 
ly Carroll's son) 


on the ship, getting women and thei 
luggage aboard and carrying small chil 
dren up the ladder. He spent the night 
organizing and serving with the young 
a night bucket brigade 
of the 


single 


men in white 
which because 
that 
latrines on the ship, for some 700 wom 


Tiff and of his 
strong-stomached pals carried the buck 


was necessary 


tact there were only two 


en and children three 
ets from the live cargo hold to the rail 
ad 
him 


he 


inh 
He 


just 


and return, ad nauseum and 


Was very 


atter 


nitum. I proud of 


wasn't spoiled ill 
smelled that way 

“Maxie 
naturally 
the 


whole 


(another son apparently 
hours 
the 


entertai 


spent his waking 


room ind enjoved 

voyage. Julie helped 
‘little’ children. ¢ 
held back on her respiration and kept 
difeult feat for 


distinguished her 


the itharine just 


her mouth closed a 
that 
ot 
of whom pulled out all the stops, pulled 
the rank of 
plained to the captain 
The 
regards the 
the menfolk. | was 
and increased my 
although the 
called in 
1 book about it 
that 


and 
the 


her one 


from run women aboard, many 


their husbands, and com 


ibout their ac 


commodations gamut was just as 


long actions and reac 


4s 
trons of amazed at 
some of them 
tor 


respec t 


few of shots 


others 


have been idvance | 
could write 


“TL feel 


mast 


saved our 
skins) 


angry 


now sinee we 


precious possessions (our 
| have no complaints, and I 
only at the 


stole the two suits that I 


im 
unnamed American whe 
atter 
All in 
missed it 

lf better than 
we l know 
happer will 
ipproach this exper n dra 


self-de 


rescued 


1 was safely billeted j Japan 
ill, though, I 


for anvthing 


wouldn't 
I know " 
long as 


that 


ive 


ever and so 


nothing else 
ever 
excitement 


apy eal 


mathe 


pendence in emergency 


on, | hope to 
ot K rea 


back on 


‘Later participate i 


It will be 


its hands 


the rehabilitation 
quite a job to put it 
knees, where was on June 24 
ind a still greater job to get it all the 
its t * 7 * 


ind 


wav up on lee 
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ACIDIZING FUNDAMENTALS 
Continued from Page 14, Section 


ve agents can be used to minimize the effect of 
insoluble materials 

Since there is such a large number of factors 
sidered in the acidizing process no one chemical add 
satisfactory under all conditions. There are ma 
which certain chemical additive agents are of value 
ire other fields in which these same chemical addit 
little, if any, help. The theory itself on which 
chemical agents is based is not fallacious: it is only 
ng concerning the theory which becomes fallaciou 
when we consider the use of a chemical agent unde 
ditions, regardless of whether or not it is applicable 

The use of the present chemical additive agents 
replace such mechanical aspects as stage treating 
high injection rates, small and large gallonage treat: 
mechanically controlled treating. The additive agent 
required, are to be used in conjunction with these 
techniques. There are chemical additive agents be 
oped now which can perform certain types of cont 
ments, also to obtain the benefits of large gallonage tre 
from the use of only a relatively small amount of a 

The question as to the efficiency of inhibitors al» 
can only be answered in respect to the materials w 
being considered as inhibitors. There are many in! 
being used in the acidizing process which are un 

above 150°F. Among the materials whic! 

should not be used above this temperature are the 
base. coal tar materials, the organic thiourea comp: 


the inorganic inhibitors containing copper. There 





AIME Past President S. A. Taylor Dies 


Ending 62 vears of devotion to his profession. the | 
tute’s H7th President Samuel Alfred Taylor 
August 20th after a brief illness at his home in P 
Pa. While his active interests in) engineerit 
mining were broad in an international sense 
leader in the educational. religious, and civic de 
of his native community 

\ western Pennsylvanian throughout his 86 
was born in North Versailles Township on ©) 
1863. Educated locally. he graduated from Ws 
versity of Pennsylvania. now University of Pitt 
1887 with the degree of Civil Engineer and at 
university was awarded the degree of Doctor 

1919. Taylor served as Vice-President 

Trustees for many vears He acted 

School of Mines from 1910 to 1912. ine 
continuing his consulting practice 

Before establishing his consulting practice 
in 1905, Taylor served in many phases of structu 
pal. and mining engineering and was emplo 
engineering departments of Carnegie Steel 
Pennsylvania Railroad 

Mr. Taylor joined the AIME in 1905. His te 
dent of the Institute in 1926 marked the substant 
ning of active interest by coal mining engineers 
aflairs. He served as an Institute Director fro: 
1920, inclusive. and again in 1927 and 1928. At 
he ranked next to Herbert Hoover as the Instit 
Past President 
Previously, Taylor had been President of the ¢ 
ing Institute of America in 1911, of the Ameri 
Congress in 1912, and of the Engineers’ Society 


Pennsylvania in 1913 
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ible above this temperature and can be 


steel at temperatures as high as 
* *« 


AUTHOR'S REPLY TO P. H. CARDWELL 


verlooks the distinction, made in the paper 
r termed “chemical” and “physical 
ned “chemical” in the discussion are 
described in the paper. No clear 
rning the “chemical” agents except 

he theory of their use 
wate the use of “chemical” additives 
me the rock formation to be of uniferm 
(s pointed out in the paper, acid pene 
channels. These channels are generally 
tially or wholly plugged with secondary 
1] composition of which may or may not 
itrix. The obvious difficulty of analysis 
makes equally obvious the fallacy of 
ontrol any phase of the reaction by 


verlooked in the discussion is the effect 
with regard to inhibitor efficiency. A 


neluding the inorganic type containing 


eel at high temperatures for a few hours 


iterial damage to tubing, drill pipe, and 


h expert testimony from litigation in which 


j 


ed indicate that the uncontrolled pet 
jitor in a well does not always resemble 
ibserved in the laboratory, ®* * * 





SEE formation changes 
ad YOU 





wit 


GEOLOGRAPH 


With Geolograph, \you 
actually watch the drill- 
ing change as the bit 
bites into contrasting 
strata—foot by foot! 
You'll find that this sub- 
surface control, while 
drilling, results in a higher 
percentage of successful 
drill stem tests; fewer and 
more correctly placed 
cores; accurate determi- 
nation of net pay thick- 
ness and elimination of 
many depth corrections! 
Houston, Odesse & Wichita Falls, Tex. - Casper, 


Wyo. + Shreveport & Beton Rovge, te. - Beker- 
field, Calif. 





TIME 


/ vw GEOLOGRAPH CO. 
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Petroleum 


Total AIME memberships on June 30, 1950, wos 
16,339; in addition 4,256 Student Associates were 
enrolled 


ILLINOIS 
Chicago Lar 
Peoria 

ADMISSIONS COMMITTEE 
Phillips 
Sherman 


Aj Chairman; George 8 
John 1 tleyd C. Gibson 
son, Plate Malozemotf, Ivan Given 

Institute members ore urged to review this list 
as soon as the issue is received and immediotely 

the Secretory's office, night messoge 

if ebjection is offered to the admission 

of any applicont. Details of the objection should 

follow by air mail. The Institute desires to extend 

its privileges to every person to whom if can 

be of service but does not desire to admit persons 
unless they ore qualified 

in the 
status; #@ 
Mamber 
ciate; F 


Corl 
RD. Moll INDIANA 


Washington 


LOUISIANA 
Baton Rouge 


C ) 
following list C/S means change of . Ea naonvnne 


reinstatement; M. member; J, Junior New 
AM, Associate Member; S$. Student Asso iJ) 
Junior Foreign Affiliate 


) 
Orleans Ale 
Watson, Richa 
Shreveport —Clar) 
Pickrell, William 


ARIZONA 


Coolidge NEW MEXICO 


Hobbs Wilkie, Da 


Schoonover 


Roswell hepard, R 


A\RKANS 


Little Reck Kieley 


OHIO 


Lancaster 


CALIFORNIA 


Bakersfield Bourne, Willia 
Wells, Gordon H. (M) 

El Cerrito Miller, Frank G 
Long Beach Enni« wil iM) J) 
Wright, Alfred Claude (J) 

Oxnard Larson, Robert Rey 


OKLAHOMA 
Lawten KH 
Oklahoma City 

Valley 

Bridye 


Pauls 
Tulsa 


SINGLE SHOT SURVEY 
INSTRUMENTS 


REGULAR TYPE — This instrument is favored because of us 
simplicity of operation. The drilling crew can load, unload 
and develop the recordigg discs in daylight. The discs are 
to read and simple to interpret. It is the most dependable 
survey instrument available 


SMALL TYPE This instrument is used with retractable coring 
equipment, with non-magnetic drill collars, of special trigger 
bits. les use resules in substantial savings in rig time. Its oper 
ation « identical co chat of the regular type instrument 


easy 


These instruments are uvsed— 


On all directional drilling 
course of the well 


operations for checking the 


record the course of the well as it is dr 
aheen the bore if necessary 


To accurately 
in order to ra 
As a means of securing information to insure correct bottom 
hole spacing on a lease 

For determining the correct location of all 
well in reference to the geological structure 


points io cl 


In orienting cores to correct for the true drift and deviation 
of the well bore 


Proposed for Membership 





Branch 


PENNSYLVANIA 


Unientown Burw 


rEXAS 
Austin ( 
Beaumont ( 


Corpus Christi 
Dallas Fenne 
t Mickey M 
Gonzales 
Grand Prairie Stau 
Houston ( 


Deschner 


oninge Ja 
y H. (Rf 
J); MeCa 
nule, Michael Patrick 
C/S-S-J) 

Iraan —Kearley 
McKinney 
Midland Kellermar 
tobert I J J) 


William M™ 


.M) 
Odem Holifield, F. H 
Odessa Harpe 
Wink Welch, I 


Jack 


avid P 


WASHINGTON, D. 
Washington, D. ( Abe 
J I J 


born, Georg 


WYOMING 
Eme 


Casper 


CANADA 


Calgary N 


VENEZUEL 


Jusepin Ed 


TYPE Type ‘Wis a mechani 
ca batteries, light 
discs. The instrument incorporates 
self-checking desian which enables « to make two 
This feature insures that an incorrect reading will 
pred 


“W" DRIFT INDICATOR — Thx 
tr which eliminates the use of 
phot > sonvtive 


is ment 


TYPE “M” DRIFT INDICATOR 


cographically 


This instrument records pho 
lenath of the necessary 
operator is assured of a true reading 
bob is in motion, no record 15 


and due to the exposure 
rding, the 


to make a rec 
ch plumb 


t wtrument $ 
obtained 


These instruments ore used— 


jetermine that the well is drilled within the drift lomits 


f i eh contract 
that 


cs 


there are doglegs left in a 


irilled 
onomy. They are the 
ying 


im assurance 


sight w after 


most mexpensive straight-hole 


instruments available 
well on a flat 
straight 


survey 


Structure to assure that che 
After drilling is completed, a 
to determine the exact 


ratcly 


ss run course 


EASTMAN offers you dependable instruments, service and results! 


These instruments are rented to operators and drilling contractors 


at the well by experienced Eastman service men (o insure 


a. 
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omplete with supplies and accessories. Frequent calls are made 


t the equipment 


OIL WELL SURVEY COMPANY 


LONG BEACH @ DENVER @ HOUSTON 


1950 IS OUR 20TH ANNIVERSARY YEAR 
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Employment 
Notices 


The Journat will post notices of 
men and jobs available. Companies and 
AIME members are invited to use this 
space. for which there is no charge 
Except as noted below, address replies 
to: Code (appropriate number). Jour 
NAL OF Perroteum TecHunorocy, 601 
Continental Bldg.. Dallas 1. Show re 
turn address on envelope. These replies 
will be forwarded unopened and no 
fees are involved. 

Replies to the personnel coded M-580 
below should be addressed to: Engi 
neering Societies Personnel Service, 8 
West 40th St.. New York 18 N. Y 
The ESPS, on whose behalf these no 
tices are published here, collects a fee 
from applicants actually placed 


POSITIONS 
@ Petroleum technologist, skilled par 
ticularly in reservoir engineering, pro 
duction, and drilling. Must be recog 
nized authority in the field with out 
standing record of accomplishment and 
acquaintance in the industry To as 
sume responsibility for and be director 
of Petroleum Technology Division for 


research organization Code 522 


PERSONNEL! 

@ Petroleum engineer, age 52 and now 
eligible for retirement after 26 vears’ 
service with one major oil company 
desires employment or business connec 
tion with independent operator, bank or 
royalty owner in or near Dallas, Tex 
Experienced all phases oil business 
construction, maintenance and opera 
tions, including gasoline plants, repres 
suring, pipelines and pumpstations 
Will be available for personal interview 
in Dallas last two weeks of September 
Code 138 
@ Geologist, 27, married, fluent Span 
ish, graduate Lehigh University, one 
vear graduate work Johns Hopkins 
University. Some mining experience 
[wo years petroleum explorations Co 
lombia, mapping, drafting, developing 
geological data, assisted supervision 20 
laborers. Seeks foreign, domestic posi 
tion as field or subsurface geologist 
petrographer, mineralogist, mining ge 
ologist. geological draftsman. Six-month 
single status. M-580 
@ Physicist. Ph.D. chiefly interested 
in research. more than 10 years’ experi 
ence in oil industry, academic and gov 
ernment work, is looking for position 
preferably on West Coast. Code 139 

* * * 
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LARKIN & CO., INC. ®@ Butler, Pennsylvania 
invites you to visit their display 
of PACKERS for SECONDARY RECOVERY 
OCTOBER 4-5-6 


Booth 3 « AIME MEETING e« New Orleans, Lovisiana 








got PACKER Problems? 


ya EXPERT Solutions 71498 


send for o 


ARKIN GE“ 
CKERLOG™ 


the PIONEER Packer Service 


CORRECT ANSWERS FOR SUCH DESIGNED SPECIFICALLY 


PACKER 


. Repressauring 
e Multiple Set From this information Larkin ex- 


perts will make a “Packerlog” with 


’ complete drawings and specifications 
e Formation Set >» F : 


for the most efficient and economical 


: method of solving your packer 
Disposal > shit hitie 


problems 


teidizing 


PROBLEMS AS. . FOR YOUR PROBLEMS 


Send complete well information, 
sketches, and all pertinent data. 


The ‘Packerlog” will show what 
packers to use — how to use them, and 
where to use them to do the job right 


Pumping There is no obligation to you. 


“SERVING the INDUSTRY Since 1878” 


LARA 
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Young Will Direct 2 Peui 
ook CuUcemwd~- 
1951 Annual Meeting 
The AIME Annual Meeting will he ELEMENTS OF OIL PETROLEUM CHEMICALS 
held in St. Louis, Mo,, Feb. 19-22, 1951. RESERVOIR ENGINEERING INDUSTRY 


nde } reneri chairmansh of — 
under the general chairmanship Po eae , By R. F. Goldstein with a foreword 61 


Howard |. Young, director of AIMI ; Sir R. Robinson. John Wiley & Sons 
ind president of the American Zin ’ ” oy : Se Vew York: E. & F. ¥. Spon. Led.. Lon 
Lead & Smelting Co. Secretar for the a : ey rn 1950 449 pp 
meeting is Fred J. Meek. plant engineet . , tables. O x 6 in.. cloth. 


; 
~ the American Zine ¢ [line graduate This book covers a wide range o 
} f ri s. this book ey 
he committees have been chose ind engineer ! ‘ ects dealing with the manufacture 
il 


work is underway to complete all ne dinates the principles whict . —_ ynthetic organic chemicals from petro 


eas “ behavior of geok i et re 1 
ary detail beha r - : leum. Chapter I deals with the hydro 


The major part of the planning will VOEES When placed under prot irbons present in petroleum or pro 
ing their primary phase 1 during f luced as by-products. Chapters 2-5 treat 


applic ithon of external sources i ¢ r the 


be done by members of the St. I 


ouls 
Section Papers for presentation will be chemistry of parafhins In chapters 


selected by the Technical Publications gy as practiced in secondary recover 6-10, the manufacture of olefins and 
op io e discussion de ns thi 
oma rm the ¢ ical developments based 


oncepts of three fundamental 1 ‘ 
concept re ther covered 


Committee. The program schedule will 
be arranged by the Coordinating Com The manufacture of 
mittee on Technical Programs for the tion processes egregat _— other classes of hydrocarbons is dis 
Annual Meeting, under the chairman depletion drives, which ma erate issed in chapters 11-14, while the 
ship of S. J. Swainson. Present plans singly or in combina vufacture and reaction of the prin 
call for a student forum under the Each  oil-productior echanis pal classes of petroleum chemicals i- 
guidance of faculty sponsors of student shown to have a partic ecovery ef onsidered in chapters 15-19. A sum 
chapters Because of the large program ficiency which may be determir i " y of the chemical by products Is 
ome technical meetings will be held i knowledge of the sented in chapter 20. Numerous ref 
it the Hotel Jefferson (headquarters rock characteristic fecent , é s to periodical literature, patents 
hotel), and some, including those of the methods of te propertie nm yerman Intelligence Reports are 
the Metals Branch, will be held at the reservoir rock ind reser r fl made s footnotes throughout the text 


Hotel Statler . 2 3 covered x * 





PETROLEUM ENGINEERS AND GEOLOGISTS... 


ARE WANTED FOR PETROLEUM EXPLORATION, APPRAISAL AND 
ENGINEERING WORK WITH 


®@ A consulting engineering and geological firm 
@ An oil company 


EXPERIENCE IS REQUIRED FOR THESE POSITIONS, AND THE SALA- 
RIES OFFERED WILL DEPEND UPON EXPERIENCE. HEADQUARTERS 
IN THE UNITED STATES 


/n Reply — 


@ Give complete synopsis of training and experience 
Replies which do not give this synopsis will not be con 


sidered. 
@ State salary desired 


@ Supple recent photograph if possible 
And Address to — 


Code 523 

Journal of Petrole: Te 
601 Continental Building 
Dallas, Texas 


ALL REPLIES WILL BE HELD IN STRICT CONFIDENCE 
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would be low, under normal 


ABSTRACTS ' ng that recovery 
Continued from Page 21. Section uct et : om ! several separate, thin beds of 
irilling fluids on theit carrying capacities. The ! es Y i 1 such poor native permeability 
with these conclusions: Turbulent flow in the wel : 1 net produce without acidizing. It is 
most desirable from the <tandpoint of cutting re ' : on flood gives excellent recover 
viscosity and low gel are advantageous in remo ‘ : ot pe of reservoir, Present estimates are 
increase in mud weight is effective in increasing ! , stmas ry will be approximately double the recoy 
apacity; the carrying capacity is higher wher Rpecies er ws ginal solution gas drive mechanism 
retated than when it is not; if turbulent flow 
annular velocity slightly higher than the 65-G 
transported sh , ian Preliminary Results of Pilot Water Flood of 


Hunton Limestone, Graber Pool, Kansas 


tained, an 
itv of the largest cuttings to be 
bere hole clean 
61-G 
A Modified Low-Strength Cement M. H, Dubrow, W. E. Landrum and H. i. Temple, 
B. E. Morgan and G. K. Dumbauld, Humble Oi! and Continental Oil Co., Houston, Tex 
Refining Co., Houston, Tex u water flooding of sandstone revervoirs has beet 
The need for a low-strength cementing composi! ‘ 1 extensive ind adequately reported in technical 
in well cementing is reviewed, and results are ente tur wate ling { essentially depleted limeston 
laboratory and experimental field tests of a modil ‘ ' t received a great deal of attention; and data 
having a controlled ultimate tensile strength of ip! te | ct t scarce This paper deals with the 
200 psi. The modified cementing composition may be ed ray t bta | trom a pilot water flood of the 
from either high early strength or normal portland cer I é the Graber Pool, Kansas. The program 
by the addition of bentonite clay and a suitabl ent fe ng ‘ ‘ esh water into a single flank well 
dispersing and controlling the set of the slurry. S tuti« ! nuar I 7. Results to date have indicated 
f the modified cement for conventional slow-set «: that fl t dditional ecovery can be obtained from 
rive better completion results in many wells beca ‘ ‘ mnmlinnge thie tor I ol > warrant strong consice ration 
cementing composition has lower set strength, | tw 3 ! is al increasing the economic oil 
density, and greater slurry stability than convent ery | lar essen y depleted solution gas drive 
slurries 
62-G 
\ Report on Penetration Rates for Directional 
Drilling Operations rhe Southwest 
Gordon Jackson, Vice-President and General Manager 
Eastman Oil Well Survey Co., Denver, Colo T. E. Ockershauser, The Globe Oil and Refining Co., 
Oklahoma City, Okla 


This paper is a quantitative progress report 


66-G 
Antioch Gibson Sand Unit 


drilling operations throughout the United States \ h Field. located in Garvin County 
of the drilling data by regions is illustrated tl February, 1946, and produced 
ra lower Pennsylvanian sandstone 


ot penetr ition curves and accompanving zg ipl ‘ } | 
! Third Deese This unit was 


mental data on which the drilling curves and is are 
. formed wit nt irille on a M-acre pattern April l. 


based were gathered from special drilling report 
compulsory unitization law of 


one tnillion ft of directionally drilled hole vd ) i 2B! 
wells. The study has been continuous over a pre I ! ! ‘ tains 137 wells. Gas at approx 
eturned to the reservoir sinee 


vears and illustrates many avenues for improve 
definitely demonstrates the progress which is njyection wells at high structural 
the pool (,as-oil ratio i much 


directional drilling operations 
63-G P ‘ ibstantially higher than they 

Applications of Oil Emulsion Muds in Louisiana pared to an adjoining non-unitized 

J. W. Walters and L. W. Nichols, The California C 

New Orleans, La 

ng — a the gia yt of oil er 67-G 
dvilling im North Louisiana. end directional di: : :' ' , 7 , 
iriling in ee aes : The Shuler-Jones Sand Reservoir — Nine Years 
Louisiana. Data are presented showing relative { . . : i 

of Unitized Gas Injection 

il emulsion mud versus conventional base ect 
Herman H. Kaveler, Jack Tarner and Walter R. 


rock bi id drilling cost-. Data 
Evans, Phillips Petroleum Co., Bartlesville, Okla 


satet teauture- 


reduced 


<. d in September, 1937. unitized 


lirectio | ( < outh Louitsiar 


is injection in July, 194] 


1944 A cumulative recover 


Field Performance a : Teh 
. . . # the total 100 million bbl of oil 
Under Fluid Injection ys oe ont ok he ak eee 


64-G Current production average 


Primary High Pressure Water Flooding 
Pettit Lime Haynesville Field t one the gina 
D. W. Akins, Jr., The Ohio Oil Co., Shrevepor lion bbl of oil prior te unitization 


of which ix by natural flow 


om pressure of 3.500 psi wa 


The case history of a combination gas ar n produced with the additional 
tuted early in the life of a field is described. It w ed ! y t eservour pressure 


September, 1950 F PETROLEUM TECHNOLOGY SECTION 2 





Aduertisers Iudex 


Page 
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